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EXECUTIVE  SUMMARY 


As  part  of  the  Air  National  Guard  (ANG)  Installation  Restoration  Program  (iRP),  NUS 
conducted  a  Site  Investigation  (SI)  at  the  Ellington  Field  (ANG)  facility  in  Houston, 
Texas.  Work  was  performed  under  Task  Order  Y-04  of  the  Martin  Marietta  Energy 
Systems  Inc.  Hazardous  Waste  Remedial  Actions  Program  (HAZWRAP).  This 
document  presents  the  findings  of  all  activities  undertaken  during  the  SI. 

The  purpose  of  the  investigation  was  to  determine  whether  soils  or  ground  water  at 
two  sites  had  been  attected  a  result  of  past  waste  management  practices.  The  two 
sites  evaluated  as  part  of  the  SI  were  the  Former  Base  Landfill  and  the  Petroleum, 
Oils  and  Lubricants  (POL)  Storage  Area.  Field  activities  were  performed  in 
accordance  with  procedures  outlined  in  the  SI  Sampling  and  Analysis  Plan  (SAP) 
issued  on  October  26,  1989. 

Specific  elements  of  the  SI  included  the  following: 

•  A  geophysical  survey  -  Magnetometry  and  electromagnetic  conductivity 
techniques  were  employed  at  the  Former  Base  Landfill  to  aid  in 
characterizing  the  shallow  subsurface  prior  to  drilling  and  sampling 
activities. 

•  Installation  of  soil  borings,  piezometers  and  monitoring  wells  -  A  total  of 
three  piezometers,  four  soil  borings  and  nine  monitoring  wells  were 
installed  at  the  two  sites  to  characterize  geologic  and  hydrogeologic 
conditions  and  provide  locations  for  the  collection  of  environmental 
samples. 

•  Collection  of  environmental  samples  -  A  total  of  three  surface  soil  samples, 
32  subsurface  soil  samples  and  nine  ground-water  samples  were  collected  at 
the  two  sites. 

•  Water  level  measurements  and  slug  testing  -  Ground-water  elevations  in 
piezometers  and  wells  were  determined  in  order  to  establish  ground-water 
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flow  direction  and  hydraulic  gradient  at  the  two  sites.  Slug  test  data  were 
used  to  calculate  estimations  of  aquifer  parameters. 

•  Chemical  laboratory  analysis  -  Samples  were  sent  to  a  fixed-base  laboratory 
for  chemical  analysis  to  determine  whether  soil  and  ground  water  at  the 
sites  had  been  affected. 

•  Risk  Assessment  -  Based  on  the  results  of  field  activities  and  laboratory 
analysis,  an  evaluation  was  performed  to  determine  actual  or  potential 
threats  to  public  health  and  the  environment. 

•  Data  evaluation  and  report  preparation  -  This  report  was  prepared  to 
present  the  findings  of  all  SI  activities. 

Tables  ES-1  and  ES-2  show  the  maximum  soil  and  ground-water  concentrations 
detected  at  both  sites.  The  tables  also  indicate  the  sample  number  and;  for  soils,  the 
sample  source.  Standards  for  soils  that  are  enforceable  in  Texas  are  indicated  in 
Table  ES-1  notes.  Federal  drinking  water  standards  are  given  in  Table  ES-2,  where 
available.  For  risk  assessment  purposes,  soii  sample  concentrations  are  compared  to 
background  data.  The  location  of  samples  are  indicated  by  sample  number  on 
Figures  ES-1  and  ES-2.  A  brief  discussion  of  the  contaminants  detected  during  the  SI, 
information  about  ground  water  at  each  site,  and  conclusions  from  the  risk 
assessment  are  provided  in  the  following  sections. 

FORMER  BASE  LANDFILL 

Soil 

A  number  of  Base  Neutral  compounds  and  several  pesticides  were  detected  in 
surface  soil  samples  collected  from  the  central  and  eastern  portion  of  the  landfill 
surface.  Several  inorganics  were  detected  in  surface  soil  samples  at  concentrations 
higher  than  literature  background  values.  Heptachlor  and  phenol  were  detected  1 
only  one  subsurface  soil  sample.  Mercury  was  detected  in  several  samples  at 
concentrations  higher  than  literature  background  concentration. 
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Ground  Water 


Ground  water  was  encountered  at  depths  varying  from  1 0  feet  below  land  surface  at 
the  southern  end  of  the  site  to  20  feet  below  land  surface  in  the  northeastern  corner 
of  the  site.  Ground-water  direction  is  to  the  east-northeast.  The  ground-water  flow 
gradient  appears  to  be  strongly  influenced  by  the  presence  of  a  large  commercial 
sand  pit  east  of  the  landfill. 

Two  pesticides,  alpha-BHC  and  methoxychlor,  were  detected  at  very  low 
concentrations  in  two  ground-water  samples.  These  compounds  are  not  chemicals 
of  concern  for  the  following  reasons.  These  compounds  are  relatively  insoluble,  and, 
based  on  available  data,  their  source  cannot  be  tied  to  the  landfill.  Aluminum  was 
detected  at  a  concentration  approximately  three  times  literature  background  in  one 
sample.  Aluminum  is  not  considered  a  toxic  chemical  and  is  not  currently  regulated. 
Iron  was  detected  in  one  ground-water  sample  at  a  concentration  10  times  greater 
than  the  Federal  drinking  water  standard.  However,  the  concentration  of  iron 
detected  is  well  within  the  range  of  background  concentrations  indicated  in  the 
reference  literature  (Dragen,  1988). 

The  risk  assessment  concludes  that  no  significant  risks  to  human  health  appear  to 
exist  at  the  Former  8ase  Landfill  based  on  the  available  data  and  the  exposure 
scenarios  considered.  It  is  recommended  that  no  further  action  be  undertaken  at  the 
site  and  that  a  Decision  Document  be  prepared  in  support  of  this  recommendation. 

POL  STORAGE  AREA 

Soil 


Several  volatiles  organic  compounds  were  detected  in  subsurface  soil  samples 
beneath  the  diked  area  and  adjacent  to  the  railroad  spur.  The  highest  concentration 
was  13,000  ug/kg  ethylbenzene  in  a  sample  collected  at  4-6  feet  beneath  the  dike. 
Two  base  neutrals  were  also  detected  in  low  concentrations  in  subsurface  soil 
samples.  All  compounds  detected  in  soils  at  the  POL  Storage  Area,  except  4-methyl- 
2-pentanone  (MIBK),  are  considered  in  the  risk  assessment.  MIBK,  a  noncarcinogenic 
chemical,  was  detected  at  a  maximum  concentration  of  4  ug/kg,  and  was  not  found 
in  any  of  the  ground-water  samples.  Petroleum  hydrocarbons  were  detected  at 
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132  mg/kg  in  one  subsurface  soil  sample,  which  is  above  the  Texas  Water 
Commission  (TWC)  criteria  for  clean  closure.  TWC  clean  closure  criteria  is  100  ppm 
for  total  petroleum  hydrocarbons. 

Ground  Water 


Ground  water  was  encountered  at  depths  ranging  from  10  feet  below  grade  at  the 
western  edge  of  the  site  to  16  feet  below  grade  in  the  southeastern  portion  of  the 
site.  Ground  water  flows  to  the  east,  and  aquifer  recharge  appears  to  occur  in 
portions  of  the  drainage  ditch  west  of  the  site. 

Several  volatiles  organics  were  detected  at  extremely  low  concentrations  in 
ground-water  samples  collected  at  the  site.  No  contaminants  were  detected  in 
ground  water  at  the  POL  Storage  Area  that  exceed  final  Maximum  Contaminant 
Levels  or  Drinking  Water  Health  Advisories. 

The  risk  assessment  concludes  that  no  significant  risks  to  human  health  appear  to 
exist  at  the  POL  Storage  Area.  However,  the  extent  of  soil  contamination  at  the  site 
has  not  been  determined.  It  is  therefore  recommended  that  a  soil  boring  program 
be  implemented  at  the  POL  Storage  Area  to  delineate  the  extent  of  contaminated 
soils  east  of  the  railroad  spur. 
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MAXIMUM  SOIL  CONCENTRATIONS 


Chemical 

Concentration 

(ug/kg) 

Sample 

Source 

Sample 

Number 

Former  Base  Landfill 

Butylbenzyiphthalate 

290* 

Surface 

01-FD05-A 

Acenaphthene 

400* 

Surface 

01-FD05-A 

Anthracene 

810* 

Surface 

01-FD05-A 

Benzo(a)anthracene 

2,350* 

Surface 

01-FD05-A 

Benzo(b)fluoranthene 

1,800* 

Surface 

01-FD05-A 

Benzo(k)fluoranthene 

1,850* 

Surface 

01-FD05-A 

Benzo(a)pyrene 

2,000* 

Surface 

01-FD05-A 

Chrysene 

2,250* 

Surface 

01-FD05-A 

Fluoranthene 

4,350* 

Surface 

01-FD05-A 

Fluorene 

410* 

Surface 

01-FD05-A 

lndeno(l,2,3-cd)pyrene 

930* 

Surface 

01-FD05-A 

Phenanthrene 

3,250* 

Surface 

01-FD05-A 

Pyrene 

3,550* 

Surface 

01-FD05-A 

Dibenzofuran 

200* 

Surface 

01-FD05-A 

Phenol 

22J 

Subsurface 

01-FD02-A 

4,4'-DDT 

10J 

Surface 

01-SS03-A 

4,4'-DDD 

11J 

Surface 

01-FD05-A 

4,4'-DDE 

12J 

Surface 

01-FD05-A 

ND  Not  detected. 

NA  Not  analyzed. 

J  -  Lab  qualifier  indicating  estimated  value. 

[]  -  Data  validation  qualifier  indicating  estimated  value. 

+  Texas  clean  closure  standard  for  total  petroleum  hydrocarbons  is  100  parts 
per  million. 

*  Average  of  two  duplicate  samples  using  one-half  the  detection  limit  for 
non-detects. 

**  Texas  clean  closure  standard  is  30  parts  per  million  for  the  sum  total  of 
benzene,  toluene,  ethylbenzene,  and  xylene. 
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TABLE  ES-1  (CONTINUED) 
MAXIMUM  SOIL  CONCENTRATIONS 
PAGE  TWO  OF  THREE 


Chemical 

Concentration 

Sample 

Sample 

(ug/kg) 

Source 

Number 

Heptachlor 

21 

Subsurface 

01-SB03B-A 

Aluminum 

11,000* 

Surface 

01-SS03-A 

Arsenic/ 

32* 

Surface 

01-FD05-A 

Barium 

302J 

Surface 

01-SS01-A 

Beryllium 

0.9 

Subsurface 

01-SB04A-A 

Calcium 

39,900 

Surface 

01-SS02-A 

Chromium 

16 

Surface 

01-SS02-A 

Cobalt 

22 

Subsurface 

01-SB04A-A 

Copper 

8.9 

Subsurface 

01-SB01 A-A 

Iron 

16,000 

Subsurface 

01-SB01 A-A 

Lead 

141 

Surface 

01-SS02-A 

Magnesium 

3,460 

Subsurface 

01-SB01  A-A 

Manganese 

540 

Subsurface 

01-SB04A-A 

Mercury 

0.34 

Subsurface 

01-SB05A-A 

Nickel 

16.2 

Subsurface 

01-SB04A-A 

Potassium 

1,400 

Subsurface 

01-SB01  A-A 

Sodium 

[2531 

Surface 

01-SS03-A 

Vanadium 

20.9 

Subsurface 

01-SB04A-A 

Zinc/ 

180J 

Surface 

01-SS03-A 

NO  Not  detected. 

NA  Not  analyzed. 

J  -  Lab  qualifier  indicating  estimated  value. 

[]  -  Data  validation  qualifier  indicating  estimated  value. 

+  Texas  clean  closure  standard  for  total  petroleum  hydrocarbons  is  100  parts 
per  million. 

*  Average  of  two  duplicate  samples  using  one-half  the  detection  limit  for 
non-detects. 

**  Texas  clean  closure  standard  is  30  parts  per  million  for  the  sum  total  of 
benzene,  toluene,  ethylbenzene,  and  xylene. 
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TABLE  ES-1  (CONTINUED) 
MAXIMUM  SOIL  CONCENTRATIONS 
PAGE  THREE  OF  THREE 


Chemical/Site(A) 

Concentration 

(ug/kg) 

Sample 

Source 

Sample 

Number 

Pol  Storage  Area 

Naphthalene 

180* 

Subsurface  (>  2') 

02-SB13B-A 

2-Methylnaphthalene 

640 

Subsurface  (>2‘) 

02-SB13B-A 

Benzene** 

180J 

Subsurface  (<2') 

02-SB13A-A 

Ethylbenzene** 

13,000.1 

Subsurface  (>2') 

02-SB13B-A 

Total  xylenes** 

240J 

Subsurface  (<2‘) 

02-SB13A-A 

Styrene 

5J 

Subsurface  (>2') 

02-SB13C-A 

Chlorobenzene 

1J 

Subsurface  ( >2') 

02-SB13C-A 

Methylene  chloride 

6, 1 00J 

Subsurface  ( >2') 

02-SB13B-A 

1 ,2-Dichloropropane 

1J 

Subsurface  ( >2') 

02-SB13C-A 

Petroleum  Hydrocarbons  + 

132,000 

Subsurface  (<2') 

02-SB13A-A 

Acetone 

250J 

Subsurface  (<2‘) 

02-SB14A-A 

2-Butanone 

41J 

Subsurface  (<2') 

02-SB14A-A 

4-Methyl-2-pentanone 

4J 

Subsurface  (>2') 

02-SB13C-A 

ND  Not  detected. 

NA  Not  analyzed. 

J  •  Lab  qualifier  indicating  estimated  value. 

[]  -  Data  validation  qualifier  indicating  estimated  value. 

+  Texas  clean  closure  standard  for  total  petroleum  hydrocarbons  is  1 00  parts 
per  million  (mg/kg). 

*  Average  of  two  duplicate  samples  using  one-half  the  detection  limit  for 
non-detects. 

**  Texas  clean  closure  standard  is  30  parts  per  million  for  the  sum  total  of 
benzene,  toluene,  ethylbenzene,  and  xylene. 
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TABLE  ES-2 


MAXIMUM  GROUND-WATER  CONCENTRATIONS 


Chemical 

Concentration 

(ug/L) 

Sample 

Number 

Primary  or 
Secondary  Drinking 
Water  Regulations^) 

(ug/L) 

Former  Base  Landfill 

Alpha-BHC 

0.037J 

01-MW01-A 

NA 

Methoxychlor 

0.022 

01-MW-05-A 

NA 

Aluminum 

2,910 

01-MW04-A 

NA 

Barium 

517 

01-MW03-A 

1,000 

Beryllium 

[1.31 

01-MW04-A 

NA 

Calcium 

176,000 

01-MW01-A 

NA 

Chromium 

[7.9] 

01-MW04-A 

50 

Iron 

3,710 

01-MW04-A 

300 

Lead 

10.6 

01-MW02-A 

50/5(B) 

Manganese 

498 

01-MW04-A 

NA 

Nickel 

[12.1] 

01-MW04-A 

NA 

Vanadium 

[10.8] 

01-MW04-A 

NA 

Petroleum  Hydrocarbon 
(mg/L) 

0.9J 

01-MW05-A 

NA 

POL  Storage  Area 

Ethylbenzene 

6J 

02-MW10-A 

700/700(B) 

Chlorobenzene 

6J 

02-MW10-A 

100/1 00(B) 

Total  Xylenes 

23J 

02-MW10-A 

10,000/10,000(8) 

Styrene 

10 

02-MW10-A 

5-10/10(8) 

Notes: 

(A)  40  CFR  141  and  143 

(B)  Proposed  maximum  contaminant  level  (MCL/maximum  contaminant  level 
goal  (MCLG). 

J  -  Lab  qualifier  indicating  estimated  value. 

[]  -  Data  validation  qualifier  indicating  estimated  value. 

NA  -  Not  Available 
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1.0  INTRODUCTION 


1.1  PURPOSE  OF  REPORT 

The  purpose  of  this  report  is  to  present  the  findings  of  all  activities  conducted  as  part 
of  the  Site  Investigation  (SI).  Field  activities  undertaken  during  the  SI  included  the 
characterization  of  site-specific  geologic  and  hydrogeologic  conditions,  as  well  as 
the  collection  of  environmental  samples  for  laboratory  analysis.  Results  of 
laboratory  analysis  have  aided  in  the  determination  of  contaminant  occurrence  and 
distribution  at  the  two  sites  investigated.  Utilizing  the  results  of  sampling  and 
analytical  activities,  a  preliminary  risk  assessment  was  performed  to  evaluate  actual 
or  potential  exposure  risks  to  public  health  and  the  environment.  Finally,  the 
combined  results  of  all  SI  activities  were  evaluated  to  determine  what,  if  any,  further 
actions  are  warranted  at  each  site. 

1.2  REPORT  ORGANIZATION 

The  introduction  (Section  1)  presents  background  information  and  outlines  the 
purpose  and  scope  of  the  investigation.  Section  2  describes  field  activities 
performed  by  NUS.  The  results  of  field  investigations  and  laboratory  analyses  are 
presented  in  Section  3.  Section  4  contains  the  preliminary  risk  assessment,  and 
Section  5  presents  summaries,  conclusions  and  recommendations.  A  list  of  acronyms 
is  provided  in  Section  6. 

The  appendices  contain  the  following  material:  regulatory  correspondence,  field 
data,  slug  test  calculations,  the  geophysical  survey  report,  the  analytical  data  base, 
data  validation  reports,  and  risk  assessment  data. 

1 .3  FACILITY  BACKGROUND 

1.3.1  Ellington  Field  Air  National  Guard  (ANG) 

Ellington  Field  (ANG)  construction  began  September  14,  1917.  The  first  contingent 
of  air  service  personnel  (the  120th  Aero  Squadron)  arrived  on  November  10, 1917.  A 
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variety  of  military  aircraft  have  used  the  facility  throughout  its  history,  including  the 
T-33,  F-4C,  C-131,  Curtis  JN-4  and  "Super  Guppy"  aircraft.  Ellington  Field  (ANG)  is 
now  operated  by  the  147th  Fighter  Interceptor  Group  (FIG)  of  the  Texas  Air  National 
Guard,  which  moved  onto  the  property  in  1955.  The  facility  also  operated  as  a 
United  States  Air  Force  Base  from  1917  through  1976. 

Ellington  Field  (ANG)  occupies  209  acres  of  essentially  flat  coastal  plain 
approximately  15  miles  south  of  downtown  Houston  in  Harris  County,  Texas.  The 
extent  of  Ellington  Field  (ANG)  property  is  shown  in  Figure  1-1.  The  area  within  a 
1-mile  radius  of  Ellington  Field  (ANG)  is  sparsely  populated,  however  densely 
populated  suburbs  of  Houston  (Pasadena,  Friendswood,  Clear  Lake  City,  South 
Houston,  etc.)  are  located  within  5  miles  of  the  facility.  The  Ellington  Field  (ANG) 
property  at  the  north  and  and  south  ends  of  the  facility  is  separated  by  Ellington 
Field  property  owned  and  operated  by  the  City  of  Houston.  Ellington  Field  (ANG) 
property  is  bordered  to  the  west  by  a  golf  course  and  undeveloped  land,  to  the  east 
by  open  fields  and  a  large  commercial  sand  pit  and  to  the  north  and  south  by 
undeveloped  land. 

1.3.2  Former  Base  landfill 

The  Former  Base  Landfill  is  located  at  the  northern  end  of  Ellington  Field  (ANG) 
property.  Site  features  are  shown  in  Figure  1-2.  The  landfill  site  is  approximately 
30  acres  in  size  and  is  bordered  by  a  golf  course  to  the  west,  an  undeveloped 
wooded  area  to  the  north,  a  commercial  sand  pit  to  the  east  and  additional  ANG 
property  to  the  south.  Two  munitions  storage  igloos  (Buildings  1412  and  1413)  were 
constructed  on  the  south  central  portion  of  the  site  and  are  secured  by  a  chain-link 
fence.  A  chain-link  fence  coincidental  with  the  Ellington  Field  (ANG)  property  line 
also  surrounds  the  site  on  the  north,  east  and  west  sides.  A  shallow  surface  water 
drainage  ditch  is  present  just  outside  the  asphalt  perimeter  road  on  the  north  and 
east  sides  of  the  landfill.  However,  the  landfill's  irregular  surface  promotes  the 
pooling  of  water,  and  it  appears  that  most  precipitation  evaporates  or  infiltrates 
into  the  shallow  soils  rather  than  running  off  site. 

The  landfill  was  used  by  the  United  States  Air  Force  from  1942  or  1943  until  1974. 
Although  no  documentation  exists  regarding  the  types  and  amounts  of  wastes 
landfilled,  verbal  reports  by  past  and  present  facility  personnel  indicate  that  the 
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landfill  was  used  only  for  the  disposal  of  municipal  solid  waste  generated  on  the 
facility  property.  Modern  containment  methods  were  not  employed  at  the  landfill 
(i.e.,  the  landfill  is  not  capped  or  lined,  and  no  leachate  collection  system  is  in  place). 
Concrete  rubble,  one  rusty  drum,  and  some  uncovered  domestic  garbage  were 
noted  on  the  surface  of  the  landfill  during  site  visits. 

1.3.3  Petroleum,  Oils,  and  Lubricants  (POL)  Storage  Area 

The  POL  Storage  Area  is  isolated  from  the  main  portion  of  Ellington  Field  (ANG),  at 
the  south  end  of  the  City  of  Houston  property.  The  site  is  surrounded  by  a  chain-link 
fence  which  approximates  the  ANG  property  line.  The  POL  Storage  Area  is  bordered 
by  Union  Pacific  Railroad  right-of-way  property  on  the  southwest  side,  Horsepen 
Bayou  on  the  north  side  and  undeveloped  land  on  the  east  side.  A  drainage  ditch  on 
the  railroad  right-of-way  flows  northwest  into  Horsepen  Bayou,  which  subsequently 
flows  eastward  into  Armand  Bayou,  Pasadena  and  Mud  Lakes,  Clear  Lake  and, 
finally,  Galveston  Bay. 

Three  above-ground  JP-4  fuel  tanks  (Tanks  39, 164,  and  165)  and  a  fuel  pump  station 
(Building  180)  are  located  at  the  site.  The  fuel  tanks  are  within  a  concrete  diked 
area.  A  cul-de-sac  driveway,  which  allows  passageway  for  refueling  tanker  trucks, 
runs  north-south  between  the  diked  area  and  the  pump  station.  A  railroad  spur 
used  for  the  delivery  of  JP-4  to  the  site  is  situated  between  the  driveway  and  the 
diked  area.  Six  fuel  feed  standpipes  are  located  just  east  of  the  railroad  spur,  with  an 
underground  8-inch  diameter  fuel  loading  pipeline  leading  to  the  storage  tanks. 
The  layout  of  the  site  is  depicted  in  Figure  1  -3. 

A  1973  incident  at  the  POL  Storage  Area  resulted  in  the  release  of  8,000  gallons  of 
JP-4  into  the  shallow  drainage  ditch  over  the  period  of  one  weekend.  Water  that 
had  collected  in  the  storage  tank  sump  was  being  pumped  into  the  drainage  ditch. 
The  pump  was  inadvertently  left  on  and  fuel  was  allowed  to  discharge  into  the  ditch. 
Although  attempts  were  made  to  contain  the  spill,  most  of  the  fuel  reached 
Horsepen  Bayou.  No  documentation  of  regulatory  involvement  in  spill  reporting, 
containment  or  countermeasure  activities  has  been  found  regarding  this  incident. 

Other  spill  incidents,  including  one  in  August  1989  which  resulted  in  an  immediate 
response  action  (see  Section  1.4.2),  are  known  to  have  occurred  at  the  POL  Storage 
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Area  in  the  past.  Due  to  the  evidence  of  fuel-contaminated  soils  at  the  site,  a 
decision  was  made  to  investigate  the  entire  POL  Storage  Area,  not  just  the  1973  spill 
site. 

1 .4  PREVIOUS  PROGRAM  ACTIVITIES 

A  Preliminary  Assessment  (PA)  Records  Search  conducted  by  the  Hazardous  Materials 
Technical  Center  between  December  1985  and  October  1987  identified  three  sites  at 
Ellington  Field  (ANG)  which  were  potentially  contaminated  with  hazardous 
materials.  Although  three  sites  were  identified,  only  two,  the  Former  Base  Landfill 
and  the  POL  Storage  Area,  were  investigated  as  part  of  the  SI.  It  was  determined 
that  any  potential  contamination  at  the  third  site,  the  Fuel  System  Repair  Shop, 
would  be  the  result  of  activities  occurring  after  January  1984  and,  therefore,  not 
subject  to  IRP  investigation. 

SI  activities  at  the  POL  were  expanded  to  address  the  entire  area  as  one  site,  as  a 
result  of  an  earlier  study  which  concluded  that  contaminated  soil  was  the  result  of 
past  spills.  A  report  on  these  activities  (Report  on  POL  Remediation  Activities  at 
Ellington  Field  Air  National  Guard  Base,  NUS  Report  Number  R-34-10-9-002H)  was 
issued  to  the  ANG  and  the  Texas  Water  Commission  (TWC)  in  November  1989. 

In  summary,  on  August  19,  1989,  JP-4  was  found  to  be  seeping  into  Horsepen  Bayou 
through  and  over  its  south  bank,  adjacent  to  the  railroad  spur  at  the  site.  Fuel  was 
collected  from  the  bayou  with  absorbent  booms  and  disposed  of  in  a  Class  2  landfill. 
Approximately  1700  cubic  yards  of  fill  and  ballast  were  removed  before  interim 
remedial  activities  were  suspended.  Although  the  vast  majority  of  the  contaminated 
materials  was  removed,  remedial  efforts  required  to  excavate  all  materials 
contaminated  above  TWC  guidelines  were  not  completed.  TWC  requirements  to 
achieve  clean  closure  are  excavation  and  removal  of  all  soils  containing 
concentrations  of  petroleum  hydrocarbons  greaterthan  100  ppm  or  the  sum  total  of 
benzene, toluene,  ethylbenzene,  and  xylene  (BTEX)  greaterthan  30  ppm.  Figure  1-4 
depicts  areas  where  laboratory  results  indicate  the  presence  of  petroleum 
hydrocarbons  in  soils  at  concentrations  greater  than  100  ppm.  Once  the  remedial 
efforts  were  halted,  the  trench  was  backfilled  and  compacted  and  the  railroad  tracks 
replaced. 
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1.5  REGIONAL  INVESTIGATION  AREA 


The  following  sections  contain  information  on  the  regional  environmental  setting, 
geology  and  hydrogeology. 

1.5.1  Environmental  Setting 

Meteorology 


Mean  annual  precipitation  in  the  vicinity  of  Ellington  (ANG)  is  approximately 
46  inches,  while  mean  annual  lake  evaporation  is  approximately  53  inches.  The 
1-year  24-hour  rainfall  intensity  is  approximately  2.75  inches.  Normal  daily  minimum 
temperature  in  January  is  42°  Fahrenheit  (F);  normal  daily  maximum  temperature  in 
July  and  August  is  92°F  (U.S.  Dept,  of  Commerce,  1968). 

Topography  and  Drainage 

The  topography  of  Ellington  Field  (ANG)  is  typical  of  the  Gulf  Coastal  Plain,  which  is 
characterized  by  gently  gulfward  sloping  land.  The  Pleistocene  Beaumont 
Formation,  which  crops  out  at  the  facility,  has  an  average  erosional  surface  slope  of 
1.65  feet  per  mile  from  its  landward  extent  to  the  shoreline.  Surface  elevations  at 
Ellington  Field  (ANG)  range  from  40  feet  above  mean  sea  level  (MSL)  in  the 
northwest  corner  to  25  feet  above  msl  in  the  southeast  corner  (U.S.G.S.,  1 982). 

The  only  major  surface  water  body  is  Horsepen  Bayou.  This  bayou  flows  eastward 
approximately  10  miles,  where  it  flows  into  Armand  Bayou,  Pasadena  and  Mud 
Lakes,  Clear  Lake  and,  finally,  Galveston  Bay.  Horsepen  Bayou  and  its  tributaries 
receive  some  overland  drainage  and  runoff  from  drainage  ditches  on  the  Ellington 
Field  (ANG)  property.  However,  due  to  the  relatively  flat  site  topography,  a  great 
deal  of  surface  water  pools  on  site  and  either  evaporates  or  percolates  slowly  to  the 
ground  water  through  semi-permeable  surficial  clays. 
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1.5.2  Regional  Geology  and  Hydrogeology 


Geology 

Ellington  Field  (ANG)  is  located  within  the  West  Gulf  Coastal  Plain  physiographic 
province.  The  formations  underlying  the  site  are  comprised  of  consolidated  and 
unconsolidated  sediments  of  the  Miocene,  Pliocene  and  Pleistocene  ages.  These 
formations  crop  out  in  belts  parallel  to  the  coast  and  dip  gently  to  the  southeast. 
Younger  formations  crop  out  nearer  the  Gulf,  older  formations  further  inland.  Due 
to  the  downdip  thickening  of  the  coastal  sediments,  the  older  formations  dip  more 
steeply  than  the  younger  ones  (Texas  State  Board  of  Water  Engineers,  1950). 

The  sediments  comprising  these  strata  were  derived  largely  from  the  weathering  of 
older  Tertiary  and  Cretaceous  formations,  and  were  deposited  in  fluvial,  deltaic, 
lagoonal  and  shallow  marine  environments.  Owing  to  the  differing  modes  of 
deposition,  lithologies  are  diverse  and  complexly  interbedded,  and,  therefore, 
individual  beds  can  rarely  be  traced  over  long  distances.  Layers  and  lenses  of  clay 
grade  laterally  and  vertically  into  sand  zones;  sands  and  gravels  likewise  grade  into 
clay  zones.  Characteristic  geologic  and  geomorphic  features  of  the  Gulf  Coastal 
Plain  include  salt  domes,  down-to-the-gulf  growth  faults,  scarps,  pimple  mounds 
and  undrained  depressions. 

Hydrogeology 

The  geologic  formations  from  which  potable  water  is  available  in  the  site  area  are 
the  Pleistocene  formations,  whose  water-bearing  units  comprise  the  Chicot  Aquifer, 
and  the  Pliocene-aged  Goliad  Sand,  whose  sand  beds  comprise  the  Evangeline 
Aquifer.  The  Chicot  has  a  maximum  thickness  of  700  feet  in  the  site  vicinity;  the 
Evangeline  a  maximum  thickness  of  2000  feet.  Both  aquifer  systems  consist 
predominantly  of  complexly  interbedded  sands  and  clays  (Texas  Water  Development 
Board,  1975). 

No  continuous  confining  layers  overlie  the  Chicot,  and  where  the  Beaumont 
Formation  crops  out,  the  aquifer  extends  to  the  ground  surface,  suggesting  that  the 
aquifer  is  under  water  table  conditions.  Although  electric  logs  do  not  show  any 
definite  confining  unit  above  the  Evangeline,  artesian  conditions  do  exist  within  the 
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aquifer.  This,  along  with  the  difference  in  water  level  elevations  between  the 
two  aquifers,  suggests  that  the  hydraulic  connection  between  them  is  minimal. 
Recharge  to  the  Chicot  is  via  direct  infiltration  of  precipitation  from  the  ground 
surface;  recharge  to  the  Evangeline  is  probably  by  slow  percolation  of  ground  water 
through  the  overlying  Pleistocene  formations. 

Available  information  indicates  four  municipal  wells  are  located  on  City  of  Houston 
or  City  of  Pasadena  property  in  the  vicinity  of  Ellington  Field  (ANG).  The  location  of 
these  wells  is  indicated  on  Figure  1-1 .  Well  1,  located  one  block  west  of  Cockran  and 
Brantly  was  removed  6  months  ago  by  the  City  of  Houston.  Use  of  well  2  was 
discontinued  by  the  City  of  Houston  on  July  15,  1990.  Wells  3  and  4  are  owned  by 
the  City  of  Pasadena  and  are  used  by  the  golf  course  located  west  of  the  Former  Base 
Landfill.  These  wells  all  produce  water  from  the  lower  unit  of  the  Chicot  aquifer,  a 
massive  sand  section  known  as  the  Alto  Loma  Sand.  Screened  intervals  in  these  wells 
range  from  390  to  570  feet  below  land  surface  (Texas  Water  Development  Board, 
1972). 

1.5.3  Background 

To  characterize  contamination  at  the  site,  it  was  first  necessary  to  determine 
background  inorganic  concentrations  in  soil  and  ground  water.  TCL  organic 
compounds  are  not  naturally  occurring,  therefore  background  levels  are  considered 
zero.  Background  inorganic  concentrations  in  soil  and  ground  water  were  derived 
from  reference  literature  (Shacklette  and  Boergen,  1984;  Dragen  1988).  For  more 
information  on  background  levels  and  a  comparison  of  background  levels  to 
maximum  site  concentrations,  see  Section  4.2.2,  Hazard  Identification. 
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2.0  FIELD  PROGRAM 


2.1  FIELD  PROCEDURES 

2.1.1  Geophysical  Investigation 

A  geophysical  survey  was  conducted  at  the  Former  Base  Landfill  to  aid  in  the 
characterization  of  shallow  subsurface  conditions  before  undertaking  drilling  and 
sampling  activities  at  the  site.  Magnetometry  and  electromagnetic  conductivity 
techniques  were  utilized  during  the  survey.  Instruments  used  were  an  EDA  OMNI-IV 
PLUS  Magnetometer/Gradiometer  and  a  Geonics  Limited  EM-31  DL  Electromagnetic 
Recording  System.  Readings  were  taken  with  both  instruments  at  25-foot  intervals 
along  mutually  perpendicular  lines,  and  more  frequently  where  subsurface 
conditions  caused  anomalous  readings. 

2.1.2  Drilling 

All  drilling  activities  conducted  as  part  of  the  SI  were  performed  using  truck- 
mounted  drilling  rigs.  Borings  were  advanced  by  the  hollow  stem  auger  method. 
Soil  samples  were  continuously  collected  from  each  boring  to  determine  lithology 
beneath  the  site  and  for  chemical  laboratory  analysis  (where  appropriate).  A 
portion  of  each  recovered  sample  was  placed  in  a  zip-loc  bag  and  the  headspace 
scanned  for  organic  vapors  using  a  photoionization  detector  (PID)  and  flame 
ionization  detector  (FID).  An  explosimeter  was  utilized  during  drilling  activities  to 
detect  the  presence  of  potentially  flammable/explosive  atmospheres. 

Borings  not  completed  as  monitoring  wells  or  piezometers  were  backfilled  to 
ground  surface  with  a  cement/bentonite  grout.  Drill  cuttings  from  borings  for 
monitoring  wells  were  drummed  and  stored  on  site  pending  results  of  laboratory 
analyses  of  soil  samples  collected  from  the  borings.  Cuttings  from  borings  for 
piezometers  were  used  as  backfill  material.  Boring  logs  depicting  site  lithology  are 
included  in  Appendix  A. 
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2.1.3  Subsurface  Soil  Sampling 


Subsurface  soil  samples  were  collected  by  pushing  an  oversized  split-spoon  sampler 
in  advance  of  the  hollow  stem  augers.  Brass  liners  were  utilized  for  the  collection  of 
volatile  organic  samples.  Shelby  tubes  were  used  only  for  the  collection  of  samples 
on  which  no  chemical  analyses  were  to  be  performed.  Once  a  sample  was  brought 
to  the  surface,  it  was  described  then  immediately  placed  in  the  appropriate  sample 
container  (if  selected  for  chemical  analysis)  and  iced  to  4  degrees  Centigrade(°C).  All 
samples  were  delivered  to  the  NUS  Laboratory  in  Clear  Lake  City,  Texas  for  chemical 
analysis.  Field  data  is  presented  on  soil  sample  log  sheets  which  are  contained  in 
Appendix  A.  Soil  profiles  are  shown  in  cross-sections  contained  in  Section  3 
(Figures  3-3,  3-4,  3-8,  and  3-9). 

2.1.4  Surface  Soil  Sampling 

Composite  surface  soil  samples  were  collected  using  stainless  steel  spoons  and  glass 
mixing  bowls.  Subsamples  were  collected  from  the  interval  between  0  and  6  inches 
below  ground  surface.  Equal  portions  of  subsamples  were  mixed  thoroughly,  then 
placed  in  the  appropriate  sample  containers. 

2.1.5  Monitoring  Well/Piezometer  Installation 

All  monitoring  wells  and  piezometers  installed  during  the  SI  were  screened  in  the 
shallowest  zone  of  saturated,  permeable  sediments  beneath  the  facility.  Borings 
used  for  the  installation  of  monitoring  wells/piezometers  were  advanced  to  a  depth 
3  feet  below  the  base  of  the  selected  screened  interval  to  accommodate  a  sediment 
trap  and  bottom  cap.  A  silica  sand  filter  pack  was  installed  through  the  augers  to 
extend  approximately  2  feet  above  the  top  of  the  screen.  A  2-foot  thick  bentonite 
seal  was  then  placed  above  the  sand  pack.  The  remainder  of  the  borehole  was 
backfilled  with  cement/bentonite  grout  for  monitoring  wells  and  with  natural 
backfill  (drill  cuttings)  for  piezometers.  Most  monitoring  wells  were  surface 
completed  with  stainless  steel  locking  casings,  concrete  pads  and  steel  guard  posts. 
Several  wells,  however,  due  to  their  locations,  were  flush-mounted  and  completed 
with  locking  caps,  christy  boxes,  manhole  covers  and  concrete  pads.  Typical 
piezometer  construction  is  illustrated  in  Figure  2-1,  while  Figure  2-2  depicts  typical 
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monitoring  well  construction.  As-built  diagrams  for  ail  piezometers  and  monitoring 
wells  are  contained  in  Appendix  A. 

Upon  completion,  monitoring  wells  were  developed  through  a  combination  of 
surging  and  bailing  and  air  lifting  sediment  until  water  was  essentially  sediment 
free.  The  volume  of  water  developed  from  wells  was  recorded  on  well  development 
forms,  which  are  contained  in  Appendix  A.  Development  water  was  only  drummed 
when  field  evidence  of  contamination  was  detected.  Several  well  volumes  of  water 
were  removed  from  each  piezometer  to  ensure  the  accuracy  of  water  level 
measurements.  Piezometers  were  not  utilized  for  the  collection  of  ground-water 
samples.  Once  a  preliminary  determination  of  ground-water  flow  direction  had 
been  made,  piezometers  were  abandoned  according  to  TWC  regulations. 

2.1.6  Ground-Water  Sampling 

Ground-water  samples  were  collected  from  all  monitoring  wells  installed  as  part  of 
the  SI.  Each  monitoring  well  was  purged  (approximately  three  well  volumes  were 
removed)  prior  to  the  collection  of  samples.  Samples  were  collected  using  bottom¬ 
loading  stainless  steel  bailers  and  were  transferred  directly  to  the  appropriate 
sample  container  (with  the  exception  of  samples  collected  for  metals  analysis,  which 
were  filtered  prior  to  being  containerized).  Pertinent  data  were  recorded  on 
monitoring  well  sample  log  sheets  which  are  contained  in  Appendix  A. 

2.1.7  Aquifer  Testing 

The  aquifer  testing  program  consisted  of  performing  slug  tests  at  all  monitoring 
wells  installed  as  part  of  the  SI.  A  pressure  transducer,  a  Hermit  datalogger  and  a 
PVC  slug  of  known  volume  were  utilized  for  the  tests.  Data  generated  were  used  to 
calculate  approximate  hydraulic  conductivities  of  the  water-bearing  sediments 
beneath  the  facility.  Slug  test  calculations  are  presented  in  Appendix  B. 

2.1.8  Site  Investigation  Derived  Waste  Management 

All  cuttings  generated  by  the  drilling  of  soil  borings  were  drummed  and  stored  at 
their  respective  drill  sites  pending  chemical  analysis  of  soil  samples.  At  boring 
locations  where  no  significant  soil  contamination  was  detected  through  laboratory 
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analysis,  cuttings  will  be  spread  on  the  ground  surface  and  raked  level.  Cuttings 
from  boring  SB-13  at  the  POL  Storage  Area  will  be  disposed  of  in  a  Class  II  landfill. 
This  is  due  to  the  presence  of  total  petroleum  hydrocarbons  in  one  sample  from  the 
boring  at  a  concentration  (132  ppm)  above  TWC  guidelines. 

Development  water  from  one  well  was  drummed  based  on  field  evidence  of 
contamination.  However,  no  contamination  was  detected  through  laboratory 
analysis  of  ground  water  from  that  well.  The  drummed  water  will  therefore  be 
discharged  onto  the  ground  surface  and  allowed  to  evaporate  or  infiltrate  into  the 
shallow  soils. 

2.2  FORMER  BASE  LANDFILL 
2.2.1  Summary 

The  field  investigation  at  the  Former  Base  Landfill  was  conducted  to  characterize 
shallow  subsurface  conditions  and  to  determine  whether  soils  and  ground  water  had 
been  affected  by  waste  disposal  activities  at  the  site.  Activities  included  the 
following: 

•  A  geophysical  survey  utilizing  magnetometry  and  electromagnetic 
conductivity  techniques. 

•  Installation  of  five  ground-water  monitoring  wells. 

•  Collection  of  three  surface  soil  samples,  nine  subsurface  soil  samples,  and 
five  ground-water  samples  for  fixed-base  laboratory  analysis. 

•  Measurement  of  water  levels  in  all  monitoring  wells. 

•  Slug  testing  in  all  monitoring  wells. 
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2.2.2  Deviations  From  the  Work  Plan 


Deviations  from  the  Sampling  and  Analysis  Plan  (SAP)  during  the  field  investigation 
of  the  landfill  were  as  follows: 

•  To  better  define  anomalous  areas  during  the  geophysical  survey,  readings 
were  sometimes  taken  at  intervals  less  than  25  feet. 

•  The  laboratory  informed  field  personnel  of  hexane  contamination  in 
rinseate  blanks.  An  additional  methanol  rinse  was  added  during 
decontamination  to  help  air  dry  sampling  equipment  (per  HAZWRAP 
Quality  Control  Requirements  for  Field  Methods,  HZ/RAP-102-2). 

2.2.3  Geophysical  Investigation 

Before  conducting  the  geophysical  survey  at  the  landfill,  a  grid  system  was  surveyed 
at  the  site  with  stations  at  100-foot  intervals  on  mutually  perpendicular  lines.  The 
grid  was  then  filled  in  at  25-foot  intervals  using  a  measuring  tape  and  pin  flags. 
Readings  were  taken  at  each  station  with  both  the  magnetometer  and 
electromagnetic  conductivity  meter.  As  previously  mentioned,  more  detailed 
surveying  was  conducted  in  anomalous  zones. 

The  magnetometer  has  its  own  data  recording  system,  while  readings  taken  with  the 
EM-31  were  manually  recorded  in  a  logbook.  The  EM-31  displays  a  continuous 
readout,  while  the  magnetometer  must  be  triggered  to  record  data  at  a  sample 
point.  A  total  of  1998  magnetic  data  points  and  1537  electromagnetic  conductivity 
data  points  were  collected  during  the  survey.  In  anomalous  areas  where  more 
detailed  surveying  was  performed,  additional  magnetic  data  points  were  always 
recorded.  The  EM-31  was  monitored  for  variability  in  the  readings,  and  only  those 
readings  where  significant  change  was  noted  were  recorded.  This  resulted  in  the 
disparity  in  sample  data  points  between  the  two  methods. 
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2.2.4  Soils  Investigation 


Five  soil  borings  were  drilled  along  the  perimeter  of  the  Former  Base  Landfill  during 
the  SI  (SB-01  through  SB-05).  All  five  were  completed  as  monitoring  wells  (MW-01 
through  MW-05).  Lithologic  samples  were  continuously  collected  from  the  borings. 

A  total  of  nine  subsurface  soil  samples  were  collected  from  the  borings  for  chemical 
laboratory  analysis.  One  sample  was  collected  at  the  top  of  the  saturated  zone  from 
each  boring,  while  the  remaining  four  were  collected  at  various  depths  based  on 
field  evidence  of  contamination.  Subsurface  soil  samples  were  analyzed  for  target 
compound  list  (TCL)  volatiles,  TCL  Base  Neutrals/Acid  Extractables  (BNAs),  TCL 
pesticides,  target  analyte  list  (TAL)  inorganics  and  petroleum  hydrocarbons. 

Three  composite  surface  soil  samples  (01-SS01-A,  01-SS02-A  and  01-SS03-A)  were 
collected  at  the  landfill  during  the  SI.  For  the  purpose  of  sampling,  the  landfill  was 
divided  into  thirds,  with  one  composite  sample  being  collected  from  each  third. 
Each  sample  was  a  composite  of  three  subsamples  collected  from  areas  with  surficial 
evidence  of  subsurface  fill  (e.g.,  concrete  rubble,  uncovered  domestic  garbage,  etc.). 
Surface  soil  samples  were  analyzed  for  TCL  BNAs,  TCL  pesticides,  TAL  inorganics  and 
petroleum  hydrocarbons. 

Sample  locations  at  the  Former  Base  Landfill  are  shown  in  Figure  2-3.  Table  2-1 
presents  a  summary  of  laboratory  analysis  of  soil  samples  from  the  landfill. 

2.2.5  Hydroqeoloqic  Investigation 

Water  levels  in  the  five  wells  installed  at  the  site  were  measured  and  top  of  well 
casing  elevations  were  surveyed.  The  resulting  water  level  elevations  were  used  to 
establish  ground-water  flow  direction  and  hydraulic  gradient  across  the  site. 
Ground-water  samples  were  collected  from  all  five  wells  for  chemical  laboratory 
analysis  to  determine  whether  ground-water  quality  has  been  adversely  affected  by 
wastes  disposed  of  in  the  landfill.  Ground-water  samples  were  analyzed  for  TCL 
volatiles,  TCL  BNAs,  TCL  pesticides,  TAL  inorganics  and  petroleum  hydrocarbons. 
Finally,  slug  tests  were  performed  at  the  wells  to  estimate  aquifer  parameters  of  the 
water-bearing  sediments  beneath  the  site. 
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Table  2-2  presents  a  summary  of  laboratory  analysis  of  ground-water  samples  from 
the  Former  Base  Landfill. 

2.3  POL  STORAGE  AREA 


2.3.1  Summary 

The  field  investigation  at  the  POL  Storage  Area  was  conducted  to  characterize 
shallow  subsurface  conditions  and  to  determine  whether  soils  and  ground  water  had 
been  affected  as  a  result  of  fuel  handling  operations  at  the  site.  Activities  included 
the  following: 

•  The  installation  of  three  piezometers,  four  soil  borings  and  four 
ground-water  monitoring  wells. 

•  Collection  of  23  subsurface  soil  samples  and  four  ground-water  samples  for 
fixed-base  laboratory  analysis. 

•  Measurement  of  water  levels  in  all  piezometers  and  monitoring  wells. 

•  Slug  testing  in  all  monitoring  wells. 

2.3.2  Deviation  from  the  Work  Plan 


Deviations  from  the  SAP  during  the  field  investigation  of  the  POL  Storage  Area  are 
as  follows: 


•  Sediment  traps  were  added  below  the  screen  in  the  three  piezometers  due 
to  the  extremely  silty  nature  of  the  shallow  aquifer  beneath  the  site. 

•  Three  of  the  four  wells  installed  at  the  site  were  changed  to  flush-mounted 
completions  due  to  their  locations. 

•  Again,  a  second  methanol  rinse  was  added  during  decontamination  to  help 
airdry  sampling  equipment. 
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•  A  field  duplicate  was  inadvertently  marked  for  BNA  analysis  resulting  in  one 
too  many  BNA  duplicate  samples. 

2.3.3  Soils  Investigation 

A  total  of  eleven  borings  were  drilled  at  the  POL  storage  area  as  part  of  the  SI.  All 
borings  were  continuously  sampled  for  the  collection  of  lithologic  data.  Borings 
PZ-01  through  PZ-03  were  completed  as  piezometers.  No  soil  samples  for  chemical 
analysis  were  collected  from  these  borings.  Borings  SB-11  through  SB-14  were 
drilled  inside  the  diked  area.  Samples  for  chemical  analysis  were  collected  from 
0-2  feet  below  the  diked  area,  at  the  top  of  the  saturated  zone  and  at  an 
intermediate  depth  dependent  on  field  evidence  of  contamination.  Borings  SB-07 
through  SB-10  were  drilled  for  the  installation  of  monitoring  wells  MW-07  through 
MW-10  Again,  samples  were  collected  from  0-2  feet  below  grade  and  at  the  top  of 
the  saturated  zone,  except  in  SB-10,  which  was  drilled  through  fill  material  at  the 
north  end  of  the  railroad  spur.  In  this  boring,  one  sample  was  collected  at  0-2  feet 
below  the  filled  material  (8-10  feet  below  grade)  and  one  at  the  top  of  ground 
water.  Intermediate  samples  from  SB-07  through  SB-09  were  collected  due  to  the 
depth  to  ground  water.  A  total  of  23  subsurface  soil  samples  were  collected  at  the 
POL  Storage  Area  for  chemical  analysis.  All  samples  were  analyzed  for  TCL  volatiles 
and  petroleum  hydrocarbons.  One  sample  from  each  of  eight  borings  (SB-07 
through  SB-14)  was  analyzed  for  TCL  BNAs  based  on  field  evidence  of 
contamination.  In  the  absence  of  field  evidence  of  contamination,  the  sample  was 
collected  at  the  top  of  ground  water. 

Sample  locations  at  the  POL  Storage  Area  are  shown  in  Figure  2-4.  Table  2-3 
summarizes  laboratory  analysis  of  soil  samples  from  the  site. 

2.3.4  Hydroqeoloqic  Investigation 

Water  level  measurements  taken  in  the  three  piezometers  were  used  to  establish 
ground-water  elevations  and  preliminary  flow  direction  at  the  POL  Storage  Area. 
No  ground-water  samples  were  collected  from  piezometers.  All  piezometers  were 
abandoned  subsequent  to  determining  preliminary  flow  direction.  Water  level  data 
were  also  obtained  from  the  four  wells  installed  at  the  site.  Ground-water  sampling 
was  conducted  at  all  four  wells  to  determine  whether  ground-water  quality  has 
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been  affected  by  fuel  management  operations  at  the  site.  Samples  were  analyzed 
for  TCL  volatiles,  TCL  BNAs  and  petroleum  hydrocarbons.  Slug  tests  were  performed 
at  the  wells  to  determine  hydraulic  properties  of  the  shallow  aquifer  beneath  the 
site. 

Table  2-4  summarizes  laboratory  analysis  of  ground-water  samples  from  the  POL 
Storage  Area. 
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3.0  SIGNIFICANCE  OF  RESULTS 


3.1  FORMER  BASE  LANDFILL 

The  following  sections  summarize  the  resuits  of  field  investigations  and  laboratory 
analysis  at  the  Former  Base  Landfill. 

3.1.1  Geophysical  Survey 

The  geophysical  survey  was  most  effective  in  determining  locations  of  buried  ferrous 
materials  at  the  landfill.  During  the  interpretation  of  geophysical  data,  it  was 
observed  that,  more  often  than  not,  zones  exhibiting  anomalously  high  magnetic 
field  values  exhibited  high  electromagnetic  conductivity  values  as  well.  These  are 
typical  responses  for  both  instruments  in  disturbed  zones  where  ferrous  objects  are 
at  or  near  the  surface. 

The  Geophysical  Survey  Report  (Appendix  C)  identified  36  detailed  anomalous 
zones.  Although  in  some  cases  these  zones  are  isolated  from  what  appear  to  be 
major  fill  areas,  they  are,  for  the  most  part,  considered  to  be  part  of  a  depositional 
trend  of  ferromagnetic  materials  across  the  landfill.  The  grid  system  utilized  to 
conduct  the  geophysical  survey  and  locations  of  the  detailed  anomalous  zones  are 
shown  in  Figure  3-1. 

In  areas  relatively  free  of  disturbed  zones,  an  attempt  was  made  to  correlate 
electromagnetic  conductivity  values  with  soil  types  at  the  landfill.  The  only  relatively 
undisturbed  areas  at  the  landfill  are  found  in  the  southeast  quadrant  of  the  site,  in 
the  eastern  half  of  the  southwest  quadrant,  in  the  southern  portion  of  the  northeast 
quadrant  and  along  portions  of  the  fenceline.  In  general,  the  survey  indicated  that 
the  landfill  area  consists  of  saturated  sands  and  sandy  clays  to  the  north  grading 
south  into  predominantly  clays. 

The  location  of  the  underground  storage  tank  at  the  former  incinerator  site  in  the 
southwest  quadrant  of  the  landfill  was  not  positively  identified.  However,  magnetic 
field  signatures  centered  at  Line  1135,  Position  585  and  Line  1075,  Position  600 
suggest  these  to  be  the  most  likely  UST  Locations  (see  Figure  3-1 ). 
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3.1.2  Soils  Investigation 


The  five  borings  installed  at  the  Former  Base  Landfill  ranged  in  depth  from  24  feet 
(SB-03  and  SB-04))  to  30  feet  (SB-01  and  SB-05).  Three  distinct  stratigraphic  zones 
were  identified  during  the  investigation.  Descriptions  of  the  three  zones,  in 
descending  order,  are  as  follows: 

•  Zone  1 

Zone  1  is  a  brown  and  green-gray  clay  which  changes  to  rust  and  light  gray 
in  color  with  depth.  The  clay  contains  varying  amounts  of  silt  and  some  very 
fine  grained  sand.  The  amount  of  silt  and  sand  present  in  Zone  1  tends  to 
increase  with  depth,  with  the  bottom  several  feet  becoming  very  silty  and 
moist,  apparently  grading  into  the  clayey  silt  and  silty  sand  of  Zone  2.  The 
clay  is  soft  to  hard,  plastic,  and  contains  calcareous  zones  with  gravel  up  to 
1  inch  in  diameter.  Iron  staining  and  small  iron  nodules  are  common 
throughout,  and  abundant  roots  and  organic  material  are  present  in  the 
top  two  feet.  Zone  1  ranges  in  thickness  from  6  feet  in  SB-04  to  1 2.5  feet  in 
SB-02. 

•  Zone  2 

Zone  2  is  a  layer  of  dense,  brown  and  tan  clayey  silt  and  silty  sand.  It  is  the 
first  zone  of  saturated  sediments  with  sufficient  permeability  to  allow 
observable  ground  water  to  enter  a  borehole  during  drilling.  Zone  2 
contains  some  interbedded  silty  day  and  small  amounts  of  semi- 
consolidated  sand/siltstone.  This  relatively  thick  sand/silt  body  is  typically 
fining-upward  and  probably  represents  point  bar  deposition  in  an  ancestral 
stream  bed.  The  thickness  of  Zone  2  in  the  vicinity  of  the  landfill  ranges 
from  2.5  feet  in  SB-02  to  greater  than  20  feet  in  SB-05. 

•  Zone  3 

Zone  3  is  a  gray-green  and  rust  clay.  The  clay  is  very  stiff  to  hard  and 
contains  minor  amounts  of  sand  and  silt.  SB-01,  SB-02  and  SB-03  were 
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terminated  in  Zone  3,  while  SB-04  and  SB-05  were  terminated  in  Zone  2. 
The  thickness  of  Zone  3  was  not  determined,  as  none  of  the  borings  drilled 
at  the  landfill  fully  penetrated  the  clay  bed. 

Two  cross-sections  were  constructed  using  logs  of  soil  borings  advanced  at  the 
landfill.  Figure  3-2  depicts  the  location  of  these  profiles,  which  are  shown  in 
Figures  3-3  and  3-4. 

3.1.3  Hydroqeoloqic  Investigation 

A  network  of  five  ground-water  monitoring  wells  was  installed  at  the  landfill  as  part 
of  the  SI.  Pertinent  monitoring  well  data  is  presented  in  Table  3-1.  Initially, 
four  monitoring  wells,  MW-01  through  MW-04,  were  installed  at  the  approximate 
midpoints  of  the  north,  east,  south  and  west  sides  of  the  landfill,  respectively.  Water 
levels  in  these  wells  were  measured  and,  using  surveyed  elevations  of  tops  of  casings, 
converted  to  elevations  with  respect  to  mean  sea  level.  This  allowed  for  the 
construction  of  a  ground-water  elevation  contour  map  (Figure  3-5),  which  gives  a 
preliminary  indication  of  ground-water  flow  direction  in  the  shallow  sediments 
beneath  the  site. 

Figure  3-5  depicts  ground-water  flow  on  December  19-20,  1989  as  being  to  the 
north-northeast  in  the  southwestern  portion  of  the  landfill  and  changing  to  an 
east-northeast  direction  in  the  northeastern  portion  of  the  site.  In  order  to  fulfill 
TWC  minimum  requirements  (one  upgradient  and  three  downgradient  wells),  it  was 
decided  to  install  a  fifth  well,  MW-05,  in  the  northeastern  corner  of  the  landfill. 
Figure  3-6  is  a  ground-water  elevation  contour  map  constructed  using  elevations 
derived  from  measurements  taken  in  all  five  wells  on  January  25-26,  1 990.  This  map 
shows  the  anticipated  direction  of  ground-water  flow  (east-northeast)  in  the 
northeastern  corner  of  the  landfill  to  be  accurate. 

The  hydraulic  gradients  estimated  from  ground-water  contours  across  the  site  are 
much  larger  than  average  for  shallow  Gulf  Coast  sediments.  Hydraulic  gradients  in 
the  Upper  Chicot  aquifer  normally  range  from  2  to  20  feet/mile.  The  hydraulic 
gradient  along  line  A-A'  on  Figure  3-5  is  0.01 1  feeUfeet  (60  feet/mile);  along  line  B-B' 
the  gradient  is  0.008  feet/feet  (42  feet/mile).  On  Figure  3-6  the  hydraulic  gradient 
along  A-A'  is  0.01 5  feet/feet  (80  feet/mile);  along  B-B'  the  gradient  is  0.0084  feet/feet 
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(44  feet/mile).  As  would  be  expected,  the  expansive  commercial  sand  pit  just  east  of 
the  landfill  apparently  has  a  profound  effect  on  shallow  ground-water  flow  at  the 
Former  Base  Landfill.  At  the  time  of  field  activities,  excavation  of  sand  was  occurring 
in  an  area  200-300  feet  northeast  of  MW-05,  to  a  depth  of  approximately  30  feet. 
The  sand  excavations  indicated  that  no  water  was  being  pumped  from  the 
excavation  pit. 

Slug  tests  were  performed  at  each  of  the  five  wells  installed  at  the  landfill  to 
estimate  hydraulic  conductivities  of  the  Zone  2  sediments.  Hydraulic  conductivities 
were  calculated  using  the  Bouwer  and  Rice  method  for  partially  or  completely 
penetrating  wells  in  unconfined  aquifers.  Several  general  and  site-specific 
assumptions  were  made  in  the  evaluation  of  slug  test  data.  These  assumptions  are  as 
follows: 

General  Assumptions: 

•  The  aquifer  is  homogeneous  and  isotropic 

•  Head  losses  as  water  enters  the  well  are  negligible 

•  Flow  above  the  water  table  is  typically  ignored,  as  it  does  not  significantly 
affect  slug  test  data  evaluation 

•  Drawdown  of  the  water  table  is  negligible  (Bouwer  and  Rice,  1976) 
Site-Specific  Assumptions: 

•  The  effective  length  is  the  length  of  the  screen  (10  feet)  in  the  wells  unless 
there  was  open  screen  above  the  water  level.  In  those  instances,  the 
effective  length  is  the  portion  of  the  screened  interval  below  static  water 
level. 

•  Soils  above  and  below  Zone  2  contribute  negligibly  to  equalization  of  the 
head  in  the  well  during  the  test. 

•  Time  and  "head"  translational  data,  rather  than  theoretical  estimates  of 
head  change  with  time,  were  utilized  in  performing  slug  test  calculations  to 
avoid  instrument  "noise"  at  the  beginning  of  each  test  (i.e.,  the  first 
consistent  time/head  values  were  used  as  H(0)  (Pandit,  et.al.,  1986). 
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•  If  there  was  any  question  as  to  which  straight  line  on  a  graph  was  more 
indicative  of  flow  from  the  undisturbed  aquifer,  the  steeper  line  was  used  in 
calculations  as  it  yields  a  higher  (more  conservative)  hydraulic  conductivity. 

Table  3-2  presents  calculated  hydraulic  conductivity  and  transmissivity  values.  Values 
from  rising  head  tests  range  from  4.15  x  10-3  cm/sec  to  2.67  x  10-4  cm/sec.  Generally 
wells  in  areas  where  the  aquifer  was  comprised  of  a  relatively  thick,  clean,  sand  body 
exhibited  higher  hydraulic  conductivity  values.  Rising  head  tests  are  assumed  to  be 
more  accurate  than  falling  head  tests  for  the  following  reasons.  Rising  head  tests 
are  not  influenced  by  gravity,  and,  falling  head  tests  involve  wetting  soils  which  may 
have  previously  been  dry.  Values  from  falling  head  tests  were  used  for  comparative 
purposes  and  were  observed  to  be  equal  or  similar  to  rising  head  values. 
Transmissivity  values  were  estimated  based  on  the  thickness  of  the  saturated 
permeable  sediments.  Values  range  from  774.59  gallons/day/foot  to 
14.21  gallons/day/foot  due  to  the  variability  in  hydraulic  conductivity  values  and 
aquifer  thickness.  Hydraulic  conductivity  and  transmissivity  values  appear  to  be  high 
for  clayey  silt  and  silty  sand;  however,  slug  tests  do  not  typically  provide  data  as 
accurate  as  that  from  pump  tests  or  laboratory  tests. 

Using  the  equation  for  Darcian  seepage  velocity,  estimates  of  horizontal 
ground-water  flow  velocities  were  calculated  for  variable  hydraulic  conductivities 
and  effective  porosity  estimates.  Table  3-3  presents  seepage  velocity  estimates  for 
Zone  2  at  the  landfill.  Estimates  range  from  377.41  feet/yearto  16.64  feet/year.  The 
high  end  of  the  range  was  calculated  using  the  highest  hydraulic  conductivity  and 
steepest  gradient,  while  the  low  end  was  calculated  using  the  lowest  hydraulic 
conductivity  and  gentlest  gradient. 

3.1.4  Background  Samples 

The  objective  of  the  SI  was  to  determine  whether  soils  or  ground  water  have  been 
affected  by  past  waste  management  practices  and  did  not  provide  for  collection  of 
background  samples.  Naturally  occurring  levels  of  inorganics  identified  in  published 
literature,  as  referenced  in  Section  4.2.2  of  this  report,  were  used  as  actual 
background  data.  Upgradient  ground-water  and  soil  samples  were  collected  from 
areas  not  believed  to  have  been  affected  by  past  waste  management  practices. 
Therefore,  sample  01-MW03-A  may  be  designated  the  background  ground-water 
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sample  at  the  Former  Base  Landfill  because  it  is  hydraulically  upgradient  of  the  other 
four  wells  at  the  site.  The  sample  contained  no  TCL  volatiles,  BNAs,  pesticides,  or 
petroleum  hydrocarbons.  TAL  inorganics  were  present  in  concentrations 
comparable  to  those  found  in  other  ground-water  samples  collected  from  the  site. 

Similarly,  sample  01-SB03A-A  may  be  designated  the  background  soil  sample  at  the 
landfill.  It  was  collected  from  a  seemingly  undisturbed  area  and  contained  no  TCL 
volatiles,  BNAs,  pesticides,  or  petroleum  hydrocarbons.  TAL  inorganics  were 
detected  in  concentrations  comparable  to  those  found  in  other  soil  samples 
collected  from  the  site. 

3.1.5  Contaminant  Occurrence  and  Distribution 

This  section  summarizes  information  on  the  nature  and  extent  of  contamination  at 
the  Former  Base  Landfill.  More  complete  information  on  laboratory  analysis  is 
contained  in  Appendix  D,  the  Analytical  Data  Base.  Additional  laboratory  data 
supporting  data  validation  is  contained  in  Appendix  D,  Data  Validation  Reports. 

Surface  Soil 

Three  composite  surface  soil  samples  were  collected  at  the  Former  Base  Landfill  as 
part  of  the  SI.  The  samples  were  sent  to  a  fixed-base  laboratory  and  analyzed  for  TCL 
BNAs,  TCL  pesticides,  TAL  inorganics  and  petroleum  hydrocarbons.  Quantitative 
results  are  summarized  in  Table  3-4.  A  number  of  Polynuclear  Aromatic 
Hydrocarbons  (PAHs)  were  detected  in  the  landfill  surface  soil  samples  at  relatively 
low  concentrations.  Surface  soils  also  contained  butylbenzylphthalate, 
dibenzofuran  and  DDT  and  its  metabolites.  The  concentrations  of  inorganics  in 
surface  soil  samples  does  not  appear  indicative  of  a  widespread  problem.  Arsenic, 
lead,  mercury,  and  zinc  were,  however,  detected  at  average  concentrations  higher 
than  the  literature  background  values. 

Subsurface  Soil 

Five  soil  borings  were  advanced  at  the  Former  Base  Landfill.  A  sample  was  collected 
at  the  top  of  ground  water  from  each  boring.  An  additional  sample  was  collected 
from  four  of  the  borings  based  on  field  evidence  of  contamination.  The  samples 
were  sent  to  a  fixed-base  laboratory  and  analyzed  for  TCL  volatiles,  TCL  BNAs,  TCL 
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pesticides,  TAL  inorganics  and  petroleum  hydrocarbons.  Table  3-5  presents  a 
summary  of  quantitative  results. 

Heptachlor  was  detected  in  two  subsurface  soil  samples  and  phenol  in  one  sample  at 
the  landfill.  No  other  organic  compounds  were  detected  in  subsurface  soils. 
Mercury  was  the  only  inorganic  constituent  detected  at  concentrations  higher  than 
reported  background  levels. 

Ground  Water 

All  five  soil  borings  were  converted  to  ground-water  monitor  wells.  Ground-water 
samples  were  collected  from  each  of  the  five  monitoring  wells  installed  at  the 
Former  Base  Landfill.  The  samples  were  sent  to  a  fixed-base  laboratory  and  analyzed 
for  TCL  volatiles,  TCL  BNAs,  TCL  pesticides,  TAL  inorganics,  and  petroleum 
hydrocarbons.  A  summary  of  quantitative  results  is  presented  in  Table  3-6. 

No  volatile  organics  were  detected  in  ground  water  at  the  landfill.  Two  pesticides, 
alpha-BHC  and  methoxychlor,  were  detected  at  very  low  concentrations  in  samples 
collected  from  MW-01  and  MW-05,  respectively.  Petroleum  hydrocarbons  were  also 
detected  in  MW-05  at  extremely  low  levels. 

Aluminum  was  the  only  inorganic  constituent  detected  at  a  concentration 
significantly  higher  than  literature  background  (in  the  sample  from  MW-04). 
Barium,  calcium,  chromium,  and  vanadium  were  detected  in  one  or  more  wells  at 
concentrations  slightly  above  reported  background  levels. 

Quality  Assurance  /  Quality  Control  (QA  /  QC) 

Table  3-7  shows  QA/QC  sample  concentrations  for  the  Former  Base  Landfill.  The 
presence  of  blank  contamination  lends  a  degree  bias  to  the  data,  that  is,  is  the 
compound  there  because  it  is  in  the  sample  or  is  it  there  because  of  blank 
contamination?  To  compensate  for  this  bias,  the  detection  limits  of  the  affected 
compounds  are  elevated  to  negate  the  influence  of  blank  contamination.  First,  the 
maximum  concentration  of  the  compound  occurring  in  the  blank  is  determined. 
Using  that  value,  an  action-level  of  five  or  ten  times  the  blank  concentration  is  set. 
Five  times  is  used  for  uncommon  contaminants,  and  ten  times  is  used  for  methylene 
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chloride,  acetone,  toluene,  and  methylethylketone.  All  positive  values  below  the 
action  level  are  qualified  with  a  "B"  (Blank  contamination),  and  the  data  are  not 
used  in  defining  the  nature  and  extent  of  contamination  or  in  the  risk  assessment. 
Matrix  spikes  (MS)  and  matrix  spike  duplicates  (MSD)  are  checked  to  ensure  they  are 
within  a  specific  range.  All  sample  results  for  which  the  MS/MSD  data  are  not  within 
the  specified  range  are  considered  as  non-detected  data.This  data  is  flagged  during 
data  validation. 

3.1.6  Data  Gaps 

The  only  significant  gap  in  data  from  the  investigation  of  the  Former  Base  Landfill  is 
the  lack  of  information  on  the  sub-regional  ground-water  system  and  ground-water 
quality  and  usage  in  the  area.  Although  a  broad  discussion  of  the  regional  ground- 
water  system  (regional  aquifers,  etc.)  is  presented  in  Section  1.5.2,  it  is  difficult  to 
determine  how  the  results  of  a  small  scale  investigation  like  the  one  conducted  at 
the  landfill  fit  into  the  overall  "big  picture".  More  information  on  ground-water 
quality  and  usage  in  the  vicinity  of  the  landfill  would  be  helpful  in  performing  the 
risk  assessment  presented  in  Section  4  of  this  report. 

3.1.7  Conclusions 

The  following  conclusion  can  be  drawn  from  the  Site  Investigation  at  the  Former 
Base  Landfill: 

•  The  results  of  the  geophysical  survey  correlate  well  with  historical  aerial 
photographs  which  indicate  that  the  majority  of  disposal  activities  occurred 
in  the  southwest,  north  central  and  northeast  portions  of  the  landfill. 

•  The  water-bearing  sediments  of  Zone  2  thicken  substantially  from  the  south 
end  of  the  site  northward.  This  was  anticipated  because  the  Geophysical 
Survey  Report  identified  the  shallow  soils  in  the  northern  portion  of  the 
landfill  as  being  predominantly  sandy  grading  into  clays  at  the  southern 
end  of  the  site. 

•  Ground-water  flow  direction  is  to  the  east-northeast,  probably  at  a  higher 
gradient  than  normal  due  to  the  sand  pit  east  of  the  landfill.  The  water 
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level  in  MW-03  is  observed  at  depths  which  correlate  with  the  clays  of 
Zone  1,  while  unsaturated  portions  of  Zone  2  are  present  above  the  water 
level  in  the  remaining  wells. 

•  No  volatile  organic  compounds  were  detected  in  soil  or  ground-water 
samples  collected  at  the  landfill.  Although  low  concentrations  of  pesticides 
were  detected  in  soil  and  ground-water  samples,  and  several  BNAs  and 
metals  were  present  in  surface  soil  samples,  there  does  not  appear  to  be  a 
concern  at  the  landfill. 

3.2  POL  STORAGE  AREA 

3.2.1  Soils  Investigation 

The  borings  drilled  at  the  POL  Storage  Area  ranged  in  depth  from  20  feet  (SB-14)  to 
33.5  feet  (SB-10).  The  same  three  zones  which  are  present  beneath  the  landfill  were 
encountered  during  drilling  activities  at  the  POL  site.  However,  due  to  variations  in 
the  soil  profile,  the  clays  of  Zone  1  were  further  divided  into  two  subzones 
(designated  as  Zone  1A  and  Zone  IB).  Descriptions  of  the  units  are  as  follows. 

•  Zone  1 A 

Zone  1 A  consists  of  soft  to  stiff,  dark  brown,  black  and  gray-green  clays. 
Some  fill  material  and  abundant  roots  are  present  in  the  top  2-3  feet.  Iron 
staining  and  nodules  are  common,  as  are  calcareous  zones.  Minor  amounts 
of  silt  and  sand  are  contained  within  Zone  1A,  especially  in  its  lower 
portions.  In  several  of  the  borings  drilled  through  the  diked  area  (SB-11 
through  SB-13),  strong  hydrocarbon  odors  and  some  staining  were  present 
in  the  top  6-8  feet.  Zone  1A  ranged  in  thickness  from  1?  feet  in  SB-12  and 
the  boring  for  PZ-02  to  6  feet  in  SB-08. 

•  Zone  IB 

Zone  IB  is  a  medium  stiff  to  very  stiff  gray  and  rust  silty  clay.  Iron  staining 
and  nodules  are  common  throughout,  as  is  abundant  calcareous  material. 
Silt  content  increases  with  depth,  with  the  color  of  the  clay  changing  to 
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brown  with  increasing  silt  content.  No  hydrocarbon  odor  was  present 
within  this  zone  in  any  of  the  borings.  The  thickness  of  Zone  IB  ranged 
from  12  feet  in  the  boring  forPZ-01  to  5  feet  in  SB-07. 

•  Zone  2 

Zone  2  is  a  layer  of  dense,  brown  clayey  silt  and  silty  sand.  As  at  the  landfill, 
this  is  the  first  zone  of  sediments  beneath  the  si"e  transmissive  enough  to 
allow  ground  water  to  enter  a  borehole  during  drilling.  The  sand  is  very 
fine  to  fine  grained,  with  iron  staining  common  throughout.  Some  semi- 
consolidated  sandstone  and  siltstone  are  present  within  the  silt/sand  layer, 
as  are  some  silty  clay  seams.  Only  SB-08,  SB-09  and  SB-10  fully  penetrated 
Zone  2;  the  remainder  of  the  borings  were  terminated  within  the  zone. 
Zone  2  ranges  from  9.5  feet  in  SB-07  to  greater  than  14  feet  in  SB-09. 

•  Zone  3 

Zone  3  is  a  brown  sandy  and  silty  clay.  The  clay  is  very  stiff  to  hard,  and 
contains  some  sandy  seams.  None  of  the  borings  drilled  at  the  site  fully 
penetrated  Zone  3.  However,  an  engineering  study  conducted  for  the  city 
of  Houston  in  March  1988  indicates  that  in  borings  in  the  vicinity  of  the  POL 
Storage  Area,  Zone  3  is  between  15  and  25  feet  in  thickness.  This  clay  is,  in 
turn,  underlain  by  another  water-bearing  silty  sand  zone. 

Two  cross  sections  were  constructed  using  logs  of  borings  advanced  at  the  POL 
Storage  Area.  Figure  3-7  depicts  the  locations  of  these  cross-sections,  which  are 
shown  in  Figures  3-8  and  3-9. 

3.2.2  Hydroqeoloqic  investigation 

Three  piezometers  and  four  ground-water  monitoring  wells  were  installed  at  the 
POL  Storage  Area  as  part  of  the  SI.  Pertinent  piezometer  and  monitoring  well  data 
are  presented  in  Table  3-8.  Initially,  three  piezometers,  PZ-01  through  PZ-03,  were 
installed  at  the  site.  Ground-water  elevations  derived  from  January  12,  1990  water 
level  measurements  and  surveyed  top  of  casing  elevations  allowed  for  the 
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construction  of  a  ground-water  contour  map  (Figure  3-10).  This  map  depicts 
ground-water  flow  direction  as  being  to  the  east-northeast.  The  cross  sections 
presented  in  Figures  3-8  and  3-9  for  the  POL  Storage  Area  show  the  water  table  for 
all  monitor  wells  above  the  sand  layer.  This  could  be  indicative  of  artesian 
conditions  or  it  could  mean  that  the  clays  above  the  aquifer  are  saturated  but  do  not 
readily  yield  ground  waterto  a  borehole  during  drilling. 

HAZWRAP  was  notified  of  the  flow  direction,  and  it  was  decided  that  monitoring 
wells  would  be  installed  at  the  locations  proposed  in  the  SAP.  Four  wells,  MW-07 
through  MW-10,  were  installed  at  the  POL  Storage  Area.  A  ground-water  contour 
map  was  constructed  using  measurements  taken  in  the  four  wells  on  January  19, 
1990.  This  map  (Figure  3-11)  confirmed  that  ground-water  flow  direction  was 
generally  in  an  easterly  direction.  The  hydraulic  gradient  calculated  using  the 
contours  from  Figure  3-10  is  0.014  feet/feet  (73.92  feet/mile);  the  gradient  using 
contours  from  Figure  3-1 1  is  0.015  feet/feet  (79.2  feet/mile).  As  at  the  landfill,  these 
gradients  were  significantly  higher  than  normal  (20  feet/mile)  for  shallow  Gulf  Coast 
sediments.  This  is  likely  due  to  the  location  of  MW-07  within  a  probable  recharge 
area. 

Slug  tests  were  performed  at  all  four  wells  at  the  site.  The  assumptions  made  in 
evaluating  the  slug  test  data  were  identical  to  those  used  in  evaluating  data  from 
the  landfill  wells  (see  pages  3-4  and  3-5).  Estimated  hydraulic  conductivity  and 
transmissivity  values  are  presented  in  Table  3-9.  Values  from  rising  head  tests  range 
from  1 .46  x  10-3  cm/sec  to  9.29  x  10'4  cm/sec.  Again,  falling  head  tests  were  used  for 
comparative  purposes  and  were  equal  or  similar  to  those  for  rising  head  tests. 
Transmissivity  estimates  ranged  from  402.57  gallons/day/foot  to 
226.79  gallons/day/foot. 

Estimates  of  horizontal  ground-water  flow  velocities  were  calculated  for  variable 
hydraulic  conductivities  and  effective  porosities  and  are  shown  in  Table  3-10. 
Estimates  range  from  a  maximum  of  452.6  feet/year  to  57.6  feet/year. 

3.2.3  Background  Samples 

Upgradient  background  ground-water  and  soil  samples  were  collected  from  areas 
not  believed  to  have  been  affected  by  past  waste  management  practices.  Samples 
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02-MW07-A  and  02-SB07C-A  are  designated  background  ground-water  and  soil 
samples,  respectively,  at  the  POL  Storage  Area.  The  well  is  hydraulically  upgradient 
of  the  other  wells  at  the  site,  and  neither  of  the  two  samples  contained  any  TCL 
volatiles,  BNAs  or  petroleum  hydrocarbons. 

3.2.4  Contaminant  Occurrence  and  Distribution 


This  section  summarizes  information  on  the  nature  and  extent  of  contamination  at 
the  POL  Storage  Area. 

Subsurface  Soil 

Subsurface  soil  samples  for  laboratory  analysis  were  collected  from  eight  borings 
advanced  in  the  :•  OL  Storage  Area.  A  total  of  23  samples  were  sent  to  a  fixed-base 
laboratory.  All  samples  were  analyzed  for  TCL  volatiles  and  petroleum 
hydrocarbons.  One  sample  from  each  boring  was  analyzed  for  TCL  BNAs  based  on 
field  evidence  of  contamination.  In  the  absence  of  field  evidence,  the  sample 
collected  at  the  top  of  ground  water  was  analyzed  for  BNAs.  Table  3-11  presents  a 
summary  of  the  quantitative  results. 

Several  volatile  organic  compounds  were  detected  in  subsurface  soil  samples. 
Ethylbenzene  was  detected  in  four  samples  from  two  different  borings  in 
concentrations  ranging  from  3  to  13,000  yg/kg.  Several  volatile  compounds  were 
detected  in  one  deep  (top  of  ground  water)  sample,  02-SB 1 3C-A.  The  concentrations 
of  these  compounds  in  ground  water,  however,  were  extremely  low. 

Two  BNAs,  naphthalene  and  2-methylnaphthalene,  were  detected  in  samples  from 
both  SB-10  and  SB-13,  as  were  petroleum  hydrocarbons. 

Ground  Water 

Ground-water  samples  were  collected  from  the  four  wells  installed  at  the  POL 
Storage  Area  as  part  of  the  SI.  Samples  were  sent  to  a  fixed-base  laboratory  and 
analyzed  for  TCL  volatiles,  TCL  BNAs  and  petroleum  hydrocarbons.  Table  3-12 
presents  a  summary  of  the  quantitative  results.  Some  samples  were  reported  to  have 
no  quantitative  results,  and  therefore,  are  not  indicated  in  Table  3-12. 
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Volatile  organics  were  detected  only  in  the  ground-water  sample  from  MW-10. 
Ethylbenzene,  total  xylenes,  styrene,  and  chlorobenzene  were  all  detected  in 
extremely  low  levels  in  that  sample.  No  BNAs  or  petroleum  hydrocarbons  were 
detected  in  ground  water  at  the  site. 

QA/QC 

Table  3-13  shows  QA/QC  sample  concentrations  for  the  POL  Storage  Area.  These 
concentrations  were  used  in  conjunction  with  environmental  sample  concentrations 
in  the  manner  described  in  Section  3.1.4,  QA/QC,  forthe  Former  Base  Landfill. 

3.2.5  Data  Gaps 

The  most  significant  gap  in  data  at  the  POL  Storage  Area  is  that  the  soil  and  ground- 
water  contamination  in  the  immediate  vicinity  of  the  former  remediation  trench 
may  not  have  been  adequately  characterized.  Also,  there  is  a  lack  of  ground-water 
quality  and  usage  information  for  the  uppermost  permeable  sediments  encountered 
at  Ellington  Field  (ANG1.  The  underlying  (>350  ft  below  grade)  Chicot  and 
Evangeline  aquifers  are  a  major  source  of  potable  water  for  the  Houston  metroplex. 
Extensive  literature  references  exist  for  these  specific  aquifers  and  the  larger  Coastal 
Lowlands  aquifer  system  of  which  they  are  a  part.  At  the  present  time  the  State  of 
Texas  considers  all  aquifers  to  be  possible  sources  of  potable  water.  A  classification 
of  the  States  aquifers  is  currently  underway.  There  are  no  downgradient  wells 
within  one  mile  of  the  site.  There  are  four  municipal  wells  located  on  City  of 
Houston  and  City  of  Pasadena  property  in  the  vicinity  of  Ellington  Field  (ANG).  These 
wells  were  discussed  in  Section  1 .5.2  of  this  report. 

A  survey  of  wells  in  the  vicinity  of  Ellington  Field  (ANG)  was  not  conducted  as  part  of 
the  SI  activities.  This  will  be  done  during  the  follow  on  remedial  investigation  tasks 
planned.  The  well  survey  will  determine: 

•  If  there  are  any  wells  within  a  2-mile  radius  of  Ellington  Field  (ANG) 

•  The  depth  of  each  well,  if  any 

•  Which  wells  are  currently  in  use  as  water  supply  wells,  if  any 
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3.2.6  Conclusions 


The  following  conclusions  can  be  drawn  from  the  investigations  and  interim 
remedial  action  at  the  POL  Storage  Area. 

•  Although  the  thickness  of  the  soil  zones  varies  from  boring  to  boring,  the 
soil  profile  is  relatively  uniform  across  the  site.  Shallow  soils  beneath  the 
diked  area  exhibited  some  field  evidence  of  fuel  contamination. 

•  The  direction  of  ground-water  flow  is  generally  east  across  the  site.  The 
substantially  higher  water  level  in  MW-07  is  probably  due  to  the  well's 
location  in  the  drainage  ditch. 

•  Water  levels  in  all  wells  are  observed  at  depths  which  correlate  with  the  silty 
clays  of  Zone  IB,  indicating  that  these  sediments  are  probably  saturated, 
but  do  not  readily  transmit  water  to  a  borehole  during  drilling,  or,  the 
aquifer  is  semi-confined. 

•  Several  volatile  organic  compounds  and  petroleum  hydrocarbons  were 
detected  in  subsurface  soil  samples  from  borings  within  the  diked  area. 
Petroleum  hydrocarbons  were  detected  in  a  soil  sample  from  0-2  feet  below 
the  concrete  in  SB-13  at  a  concentration  of  132  ppm,  above  the  TWC 
criterion  for  clean  closure  (100  ppm).  Several  samples  collected  from  the 
walls  and  flow  of  the  remediation  trench  contained  petroleum 
hydrocarbons  at  levels  significantly  above  100  ppm.  The  extent  of  soil 
contamination  east  of  the  remediation  trench  has  not  been  determined. 
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TABLE  3-2 

ESTIMATES  Of  IN-SITU  HYDRAULIC  CONDUCTIVITY  AND  TRANSMISSIVITY 

FORMER  BASE  LANDFILL 
AIR  TRANSMISSIVITY 
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TABLE  3-3 


ESTIMATES  OF  DARCIAN  SEEPAGE  VELOCITY 
FORMER  BASE  LANDFILL 


Hydraulic 

Gradient 

(ft/ft) 

Effective 

Porosity(a) 

Hydraulic 
Conductivity 
(ft/da  y)(b) 

Darcian  Seepage 
Velocity 
(ft/day) 

Darcian  Seepage 
Velocity 
(ft/year) 

Low 

High 

Low 

High 

Low 

High 

Low 

High 

.015 

0.05 

0.25 

0.76 

- 

0.046 

0.066 

16.64 

24.4 

.015 

0.05 

0.25 

— 

11.75 

0.705 

1.03 

257.36 

377.41 

(a)  Effective  porosity  estimates  based  on  estimates  of  specific  yield  for  similar 
soil  types  from  Fetter,  1979,  Applied  Hydrogeology. 

(b)  Hydraulic  conductivity  estimates  based  on  range  of  hydraulic  conductivities 
for  rising  head  tests  presented  in  Table  3-2. 
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TABLE  3-4 


SURFACE  SOILCONCENTRATIONS(a)(b) 
FORMER  BASE  LANDFILL 


Sample  Number 

Sample  Depth 

Sample  Date 

01-SS01-A 
0"-  6" 
1/17/90 

01-SS02-A 
0".  6" 
1/17/90 

01-SS03-A 
0"-  6" 
1/17/90 

01-FD05-A 
Duplicate  of 
01-SS03-A 

Base/Neutrals  (ug/kg) 

Butylbenzylphthalate 

420  J 

Acenaphthene 

250  J 

560  J 

Anthracene 

520  J 

1,100  J 

Benzo  (A)  Anthracene 

800 

1,500  J 

3,200  J 

Benzo  (B)  Fluoranthene 

880 

1,300 

2,300 

Benzo  (K)  Fluoranthene 

930 

1,100  J 

2,600  J 

Benzo  (A)  Pyrene 

1,000 

1,300  J 

2,700  J 

Chrysene 

860 

1,500 

3,000 

Flouranthene 

1,500 

3,300 

5,400 

Flourene 

270  J 

560  J 

Indene  (1,2,3-CD)  Pyrene 

1,700  J 

Napthalene 

190  J 

Phenanthrene 

510  J 

2,300 

4,200 

Pyrene 

1,200 

2,500 

4,600 

Dibenzofuran 

240  J 

Pesticides  (ug/kg) 

4,4'-DDT 

10  J 

4,4'-DDD 

11  J 

4,4'-DDE 

12  J 

(a)  No  entry  indicates  parameter  not  detected  above  Contract  Required 
Quantitation  Limit 

(b)  J  -  lab  qualifier  indicating  estimated  value. 

[  ]  -  data  validation  qualifier  indicating  estimated  value. 
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TABLE  3-4  (CONTINUED) 

SURFACE  SOIL  CONCENTRATIONS^) 
FORMER  BASE  LANDFILL 
PAGE  TWO  OF  TWO 


Sample  Number 

01-SS01-A 

01-SS02-A 

01-SS03-A 

01-FD05-A 

Sample  Depth 

0"-  6" 

0"-  6" 

0"-  6" 

Duplicate  of 

Sample  Date 

1/17/90 

1/17/90 

1/17/90 

01-SS03-A 

Inorganics  (mg/kg) 

Aluminum 

7,250  J 

6,010  J 

13,500  J 

8,500  J 

Arsenic 

4.4 

3.5  J 

2.9  J 

62.0  J 

Barium 

302  J 

141  J 

115  J 

125  J 

Calcium 

29,600 

39,900 

6,460  J 

13,300  J 

Chromium 

13.4 

16.0 

12.2 

10.4 

Iron 

7,410 

6,700  J 

10,600 

7,330 

Lead 

125 

141 

18.9 

26.1 

Magnesium 

2,720 

1,480 

2,000 

1,860 

Manganese 

152 

111  J 

91.8 

116 

Mercury 

[0.10] 

[0.191 

[0.06] 

[0.08] 

Potassium 

[678] 

[492] 

[934] 

[566] 

Sodium 

[233] 

[253] 

[125] 

[109] 

Zinc 

150 

180  J 

(a)  No  entry  indicates  parameter  not  detected  above  Contract  Required 
Quantitation  Limit 

(b)  J  -  lab  qualifier  indicating  estimated  value. 

[  ]  -  data  validation  qualifier  indicating  estimated  value. 
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TABLE  3-5  (CONTINUED) 

SUBSURFACE  SOIL  CONCENTRATIONS!^ Mb) 
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GROUND-WATER  CONCENTRATIONS^) 
FORMER  BASE  LANDFILL 


(a)  No  entry  indicates  parameter  not  detected  above  Contract  Required  Quantitation  Limi 

(b)  J  -  lab  qualifier  indicating  estimated  value. 

[  ]  -  data  validation  qualifier  indicating  estimate  value 


TABLE  3-7 


BLANK  SAMPLE  CONCENTRATIONS 
FORMER  BASE  LANDFILL 


Sample  Number 

Sample  Date 

Description 

HPLC  Water 

Municipal  Water 

01-FB11-A 

1/24/90 

Field  Blank 
Landfill  Hydrant 

01-FB01-A 
12/14/89 
Field  Blank 

01-FB03-A 
12/21/89 
Field  Blank 

01-FB10-A 
1/24/90 
Field  Blank 

01-FB02-A 
12/14/89 
Field  Blank 

01-FB04-A 
12/21/89 
Field  Blank 

Volatiles  (ug/L) 

Acetone 

85 

2-8utanone 

110 

2-Hexanone 

Benzene 

8 

Chloroform 

33 

Methylene  Chloride 

14 

21 

Bromoform 

30 

21 

Bromocichlorometnane 

15 

16 

41 

Chlorodtbromomethane 

36 

33 

44 

Carbon  Disulfide 

Base  Neutrals  (ug/L) 

Bi*  (2-ethyl  hexyl  Iphthalate 

1 

Pyrene 

99 

Add  Extractable*  (ug/L) 

Pentachlorophenol 

230 

Pesticides  (ug/L) 

Delta  BHC 

Gamma  BHC 

Heptachlor 

Inorganics  (ug/L) 

Aluminum 

Arsenic 

0.18 

Banum 

[934] 

Beryllium 

0.44 

0.35 

Calcium 

|93| 

(7111 

[85.9] 

14.400 

Chromium 

(1.3) 

(1.61 

Cobalt 

[6.9] 

[9.8] 

Iron 

[29.0] 

106 

Lead 

(0.141 

0.33 

[1-7] 

Magnesium 

175.7] 

[4.230] 

Manganese 

16  5 

Mercury 

0.21 

0.25 

Potassium 

[1.110] 

Silver 

Sodium 

(139! 

[198] 

963 

100,000 

Vandium 

1.1 

Zinc 

12.3) 

[2.0] 

1.0 

195 

(a)  No  entry  indicate*  parameter  not  detected  above  Contract  Reouired  Quantitation  Limit 

(b)  ( |  data  validation  qualifier  indicating  estimated  value 
NA  •  Not  analyzed. 
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TABU  3-7  (CONTINUED) 

QA/QC  SAMPLE  CONCENTRATIONS  <*KM 
FORMER  BASE  LANDFILL 
PAGE  TWO  OF  TWO 


Sample  Number 

Sample  Date 

Description 

01-RB01-A 

12/12/89 

Rinsate 

Blank 

01-R803-A 

12/14/89 

Rinsate 

Blank 

01-R813-A 

1/25/90 

Rinsate 

Blank 

01-TB01-A 
12/13/89 
Trip  Blank 

01-TB03-A 
12/14/89 
Trip  Blank 

01 -TB04-A 
12/21/89 
Trip  Blank 

01-TB09-A 
1/2  S/90 
Trip  Blank 

Volatiles  (ug/L) 

Acetone 

2-Butanone 

76 

2-Hexanone 

27 

Benzene 

10 

10 

Chloroform 

33 

36 

40 

53 

Methylene  Chloride 

13 

19 

19 

22 

Bromoform 

Bromodichioromethane 

Chlorodibromomethane 

Carbon  Disulfide 

67 

Base  Neutrals  (ug/L) 

Bis  (2-ethyi  hexyOphthalate 

NA 

NA 

NA 

NA 

Pyrene 

NA 

NA 

NA 

NA 

Acid  Extractables  (ug/L) 

Pentachlorophenol 

NA 

NA 

NA 

NA 

Pesticides  (ug/L) 

Delta  BHC 

0072 

NA 

NA 

NA 

NA 

Gamma  BHC 

0.14 

NA 

NA 

NA 

NA 

Heptachlor 

0  18 

NA 

NA 

NA 

NA 

Inorganics  (ug/L) 

Aluminum 

(8.8| 

NA 

NA 

NA 

NA 

Arsenic 

NA 

NA 

NA 

NA 

Banum 

NA 

NA 

NA 

NA 

Beryllium 

NA 

NA 

NA 

NA 

Calcium 

[198] 

[83.91 

(1.7701 

NA 

NA 

NA 

NA 

Chromium 

(It) 

(Ml 

NA 

NA 

NA 

NA 

Cobalt 

184] 

NA 

NA 

NA 

NA 

Iron 

[2.2] 

152.0] 

NA 

NA 

NA 

NA 

Lead 

[0.80] 

NA 

NA 

NA 

NA 

Magnesium 

74  0 

(0.14| 

NA 

NA 

NA 

NA 

Manganese 

NA 

NA 

NA 

NA 

Mercury 

NA 

NA 

NA 

NA 

Potassium 

NA 

NA 

NA 

NA 

Silver 

(6.91 

NA 

NA 

NA 

NA 

Sodium 

(1001 

(5401 

NA 

NA 

NA 

NA 

Vandium 

(181 

NA 

NA 

NA 

NA 

Zinc 

(241 

898 

NA 

NA 

NA 

NA 

(a)  No  entry  indicates  parameter  not  detected  above  Contract  Reouired  Quantitation  Limit 

(b)  ( ]  data  validation  qualifier  indicating  estimated  value. 

NA-  Not  analyzed 
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TABLE  3-10 


V 


ESTIMATES  OF  DARGAN  SEEPAGE  VELOCITY 
POL  STORAGE  AREA 


Hydraulic 

Gradient 

(ft/ft) 

Effective 

Porosity*3) 

Hydraulic 

Conductivity(b) 

Oarcian  Seepage 
Velocity 
(ft/day) 

Darcian  Seepage 
Velocity 
(ft/year) 

Low 

High 

Low 

High 

Low 

High 

Low 

High 

.015 

0.05 

0.25 

2.63 

- 

0.158 

0.789 

57.60 

287.99 

.015 

0.05 

0.25 

- 

4.14 

0.248 

1.24 

90.67 

452.60 

(a)  Effective  porosity  estimates  based  on  estimates  of  specific  yield  for  similar 
soil  types  from  Fetter,  1 979,  Applied  Hydrogeology. 

(b)  Hydraulic  conductivity  estimates  based  on  range  of  hydraulic 
conductivities  for  rising  head  tests  presented  in  Table  3-9. 
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SUBSURFACE  SOIL  CONCENTRATIONS(a) 
POL  STORAGE  AREA 
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TABLE  3-12 

GROUND-WATER  CONCENTRATiONS(a) 
POL  STORAGE  AREA 


Sample  Number 

02-MW10- 

A 

Sample  Date 

1/22/90 

Volatiles  (pg/L) 

Ethylbenzene 

6 

J 

Total  Xylenes 

23 

J 

Styrene 

10 

T 

Chlorobenzene 

6 

j 

(a)  J  qualifier  indicates  estimated  result. 
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TABLE  3-13 


BLANK  SAMPLE  CONCENTRATIONS  (a) 
POL  STORAGE  AREA 


Sample  Number 

Sample  Date 

Description 

02-FB05-A 
1/13/90 
Field  Blank 
HPLC  Water 

02-FB06-A 

1/13/90 

Field  Blank 
Municipal  Water 

02-FD08-A 

1/16/90 

Field  Blank 
Municipal  Water 

02-FD09-A 
1/24/90 
Field  Blank 
POL  Spigot 

Volatiles  (ug/L) 

Acetone 

24 

2-Butanone 

2-Hexanone 

Benzene 

15 

10 

Toluene 

16 

Ethylbenzene 

5 

Total  Xylenes 

37 

Chlorobenzene 

18 

1,1-Dichloroethene 

Chloroform 

20 

24 

36 

Methylene  Chloride 

12 

23 

Bromoform 

15 

22 

14 

Bromodichloromethane 

21 

9 

Chlorodibromomethane 

32 

34 

15 

Carbon  Disulfide 

Vinyl  Acetate 

23 

Base  Neutrals  (yg/L) 

Bis  (2-ethylhexyl)  phthalate 

1 

Naphthalene 

1 

Geochemical  Parameters 

Petroleum  Hydrocarbons 

(a)  No  entry  indicates  parameter  not  detected  above  Contract  Required  Quantitation  Limit. 
NA  -  Not  analyzed. 
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TABLE  3-13 

BLANK  SAMPLE  CONCENTRATIONS  (a) 
POL  STORAGE  AREA 
PAGE  TWO  OF  THREE 


Sample  Number 

Sample  Date 

Description 

02-RB05-A 
12/19/89 
Rinsate  Blank 

02-RB07-A 
1/12/90 
Rinsate  Blank 

02-RB11-A 
1/22/90 
Rinsate  Blank 

02-TB03-A 
12/19/89 
Trip  Blank 

Volatiles  (ug/L) 

Acetone 

2-Butanone 

2-Hexanone 

17 

Benzene 

8 

Toluene 

Ethylbenzene 

Total  Xylenes 

Chlorobenzene 

1,1-Dichloroethene 

Chloroform 

20 

Methylene  Chloride 

14 

Bromoform 

Bromodichloromethane 

Chlorodibromomethane 

Carbon  Disulfide 

85 

Vinyl  Acetate 

Base  Neutrals  (yg/L) 

Bis  (2-ethylhexyl)phthalate 

8 

2 

NA 

Naphthalene 

NA 

Geochemical  Parameters 

Petroleum  Hydrocarbons 

23 

NA 

(a)  No  entry  indicates  parameter  not  detected  above  Contract  Required  Quantitation 
Limit. 

NA  -  Not  analyzed. 
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TABLE  3-13 

BLANK  SAMPLE  CONCENTRATIONS  (a) 
POL  STORAGE  AREA 
PAGE  THREE  OF  THREE 


Sample  Number 

Sample  Date 

Description 

02-TB05-A 
1/12/90 
Trip  Blank 

02-TB06-A 
1/16/90 
Trip  Blank 

02-TB07-A 
1/22/90 
Trip  Blank 

02-TB08-A 

1/24/90 

Trip  Blank 

Volatiles  (ug/L) 

Acetone 

23 

2-Butanone 

6 

2-Hexanone 

19 

Benzene 

9 

9 

Toluene 

8 

Ethylbenzene 

5 

Total  Xylenes 

Chlorobenzene 

1,1-Dichloroethene 

9 

Chloroform 

40 

51 

30 

31 

Methylene  Chloride 

18 

18 

Bromoform 

Bromodichloromethane 

Chlorodibromomethane 

Carbon  Disulfide 

15 

Vinyl  Acetate 

Base  Neutrals  (ug/L) 

Bis  (2-ethylhexyl)phthalate 

NA 

NA 

NA 

NA 

Naphthalene 

NA 

NA 

NA 

NA 

Geochemical  Parameters 

Petroleum  Hydrocarbons 

NA 

NA 

NA 

NA 

(a)  No  entry  indicates  parameter  not  detected  above  Contract  Required  Quantitation 
Limit. 

NA  -  Not  analyzed. 
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4.0  PRELIMINARY  RISK  ASSESSMENT 


A  number  of  hypothetical  exposure  scenarios  are  evaluated  in  this  section.  In 
summary,  the  risk  assessment  shows  that,  even  under  these  conservative  scenarios, 
the  sites  at  Ellington  ANG  present  minimal  risks  to  receptors.  A  summary  of  the 
methods  used  to  determine  the  potential  public  health  and  environmental  risks 
posed  by  contamination  at  Ellington  Field  (ANG)  are  presented  in  Sections  4.1 
through  4.4.  Section  4.1  summarizes  data  evaluation  methods.  Section  4.2  discusses 
contaminant  mobility  and  presents  a  toxicity  assessment  including  hazard 
identification,  toxicological  profiles  for  chemicals  of  concern,  dose-response 
parameters  and  selected  regulatory  standards  and  guidelines.  Section  4.3  identifies 
potential  receptors  that  may  be  exposed  to  site-related  contamination.  Section  4.4 
presents  information  on  contaminant  fate  and  transport  and  the  methods  used  to 
characterize  human  exposures.  The  results  of  the  preliminary  public  health  risk 
assessment  are  provided  in  Section  4.5. 

4.1  EVALUATION  OF  SITE  INFORMATION 

The  preliminary  risk  assessment  was  completed  based  on  the  analytical  results  for 
samples  collected  during  the  NUS  field  investigation.  At  the  Former  Base  Landfill, 
NUS  collected  three  composite  surface  soil  samples  (and  one  duplicate)  from  the 
landfill  surface,  drilled  five  soil  borings  and  collected  a  total  of  nine  subsurface  soil 
samples  (and  one  duplicate).  NUS  also  installed  five  monitoring  wells  at  the  landfill 
and  collected  one  sample  from  each  well  and  a  single  duplicate  sample. 

At  the  POL  Storage  Area,  eight  soil  borings  were  drilled  for  the  collection  of 
environmental  samples  and  23  subsurface  soil  samples  (and  three  duplicates)  were 
collected.  The  grc  jnd-water  sampling  investigation  consisted  of  the  installation  of 
four  monitoring  wells  and  the  collection  of  a  single  sample  from  each  well. 

All  samples  were  analyzed  in  fixed-base  laboratories  and  were  validated  in 
accordance  with  guidance  provided  by: 

•  Laboratory  Data  Validation  Functional  Guidelines  for  Evaluating  Organic 
Analyses,  EPA,  February  1989. 
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•  Laboratory  Data  Validation  Functional  Guidelines  for  Evaluating  Inorganic 
Analyses,  EPA,  February  1989. 


The  validation  process  involves  such  tasks  as  review  chain-of-custody  forms  and 
proceeds  through  checks  of  initial  and  continuing  instrument  calibration  to 
calculations  of  parameters  such  as  percent  matrix  spike  recover.  Data  which  do  not 
meet  prescribed  QA/QC  requirements  are  qualified,  or  "flagged",  by  the  following 
symbols: 

•  J.  The  associated  numerical  value  is  an  estimated  quantity. 

•  [  ]  The  analyte  was  detected  at  a  concentration  below  the  Contract 
Required  Detection  Limit  (CRDL). 

Examples  of  qualified  data  may  be  found  throughout  the  data  base  (Appendix  D). 

Additional  aspects  of  data  evaluation  are  discussed  in  subsequent  portions  of  the 
preliminary  risk  assessment.  Analytes  that  were  not  detected  in  any  environmental 
samples  were  treated  as  absent  from  site  matrices.  Averages  presented  are 
arithmetic  averages  calculated  using  one-half  the  method  detection  limit  for 
analytes  that  were  not  detected  in  certain  samples  of  a  particular  matrix. 

Organic  and  inorganic  soil  concentrations  are  compared  with  reported  background 
concentrations  during  the  selection  of  chemicals  of  concern  in  Section  4.2.2  (Hazard 
Identification).  Ground-water  concentrations  of  naturally-occurring  inorganic 
constituents  are  also  compared  with  reported  background  levels  in  Section  4.2.2. 

4.2  PROPERTIES  OF  CONTAMINANTS  OF  CONCERN 

Information  on  various  chemical  and  physical  properties  of  site  contaminants  that 
affect  contaminant  mobility  is  presented  in  Section  4.2.1.  Section  4.2.2  identifies 
contaminants  of  concern  for  the  risk  assessment.  Section  4.2.3  includes  a  discussion 
of  the  toxicity  of  each  of  the  contaminants  of  concern  and  identification  of 
appropriate  dose-response  parameters. 
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4.2.1  Chemical  and  Physical  Properties  of  Contaminants 


This  section  provides  a  qualitative  indication  of  the  potential  migration  of  the 
organic  contaminants  found  at  Ellington  Field  (ANG).  The  physical  and  chemical 
properties  of  the  organic  chemicals  found  in  site  soils  and  ground  water  are 
presented  in  Table  4-1 .  These  parameters  were  used  to  assess  the  behavior  of  these 
compounds  in  the  environment. 

Empirically  determined  literature  values  of  water  solubility,  the  octanol/water 
partition  coefficient,  vapor  pressure,  the  Henry's  law  constant,  bioconcentration 
factor  and  specific  gravity  are  provided  in  Table  4-1  (as  available).  Calculated  values, 
which  were  determined  using  approximation  methods,  are  presented  where 
literature  values  could  not  be  found.  A  discussion  of  the  environmental  significance 
of  each  of  these  parameters  follows: 

Water  Solubility  -  The  rate  at  which  a  chemical  is  leached  from  waste  materials  or 
soils  by  infiltrating  precipitation  is  proportional  to  its  water  solubility.  More  soluble 
chemicals  are  expected  to  reach  the  water  table  much  more  readily  and  rapidly  than 
less  soluble  chemicals.  The  water  solubilities  presented  in  Table  4-1  indicate  that  the 
volatile  organic  compounds  detected  in  site  media  are  generally  several  orders  of 
magnitude  more  soluble  than  the  base/neutral-extractable  compounds  (phthalate 
esters  and  polynuclear  aromatic  hydrocarbons)  and  pesticides.  The  nature  and 
extent  of  contamination  at  the  sites  is  consistent  with  the  anticipated  environmental 
behavior  of  the  various  classes  of  compounds  Volatile  organic  chemicals  were 
detected  in  ground  water  at  the  POL  Storage  Area.  Relatively  water-insoluble 
compounds,  such  as  phthalate  esters,  polynuclear  aromatic  hydrocarbons  (PAHs), 
and  pesticides,  have  not  been  detected  at  high  concentrations  in  ground  water  and 
appear  to  be  bound  to  the  soil  matrix. 

Qctanol-Water  Partition  Coefficient  -  The  octanol-water  partition  coefficient  (Kow)  is 
a  measure  of  the  equilibrium  partitioning  of  a  chemical  between  a  two-phase 
octanol  and  water  mixture.  Polynuclear  aromatic  hydrocarbons  (PAHs),  phthalate 
esters,  and  pesticides  have  Kow  values  several  orders  of  magnitude  greater  than  the 
various  volatile  organics  detected  in  site  media.  The  octanol-water  partition 
coefficient  is  used  to  estimate  bioconcentration  factors  in  aquatic  organisms.  A 
linear  relationship  between  the  octanol-water  partition  coefficient  and  the  uptake 


8-48-05-0-0  16h 


4-3 


of  chemicals  by  the  lipid  (fatty)  tissue  of  animal  and  human  receptors  has  been 
determined  (Lyman  et  al.,  1982).  PAHs,  phthalate  esters  and  pesticides  are  more 
likely  to  accumulate  in  the  tissues  of  receptors.  The  octanol-water  partition 
coefficient  is  also  useful  for  assessing  the  sorption  of  compounds  by  soils  containing 
organic  matter  where  experimental  partitioning  values  are  not  available. 

Soil/Sediment  Adsorption  Coefficient  -  The  soil/sediment  adsorption  coefficient  is 
related  to  the  water  solubility  and  the  octanol-water  partition  coefficient.  This 
parameter  indicates  the  tendency  of  an  organic  chemical  to  bind  to  soil  particles 
containing  organic  carbon.  Chemicals  with  high  soil/sediment  adsorption 
coefficients  generally  have  low  water  solubilities  and  vice  versa.  Chemicals  such  as 
PAHs,  phthalate  esters,  and  pesticides  are  relatively  immobile  in  the  subsurface 
environment  and  are  preferentially  bound  to  the  soil  phase.  These  compounds  are 
not  subject  to  ground-water  transport  to  the  same  extent  as  compounds  with  high 
water  solubilities  and  low  adsorption  coefficients.  The  analytical  results  for  soil  and 
ground-water  samples  obtained  at  the  two  sites  are  consistent  with  the  anticipated 
partitioning  of  the  various  compounds  detected.  The  soil-adsorptive  PAHs, 
phthalate  esters,  and  pesticides  remain  bound  in  the  soil  matrix  whereas  the  soluble 
volatile  organics  are  present  in  the  ground  water.  The  soil/sediment  adsorption 
coefficient  may  also  be  used  to  infer  the  rates  at  which  contaminants  move  in 
ground  water  using  the  retardation  factor  as  follows  (Javandel  et  al.,  1984): 

p 

R  =  1  *  -  K . 

n  d 

Where: 

R  is  the  retardation  factor  (dimensionless) 

p  is  the  soil  bulk  density  (kg/L) 

n  is  the  effective  porosity  of  the  soil  (decimal  fraction) 

Kd  is  the  distribution  coefficient  (yg/kg/yg/L) 


Where: 


Kd  is  the  distribution  coefficient  (pg/kg/pg/L) 
foc  is  the  soil  organic  carbon  content  (kg/kg) 

K0c  is  the  soil/sediment  adsorption  coefficient  (pg/kg  organic  carbon/pg/L) 

The  concept  of  the  retardation  factor  is  used  in  Section  4.4.1  to  determine  travel 
times  for  the  primary  potential  ground-water  contaminants  at  the  site 
(i.e.,  monocyclic  aromatics). 

Vapor  Pressure  -  Vapor  pressure  provides  an  indication  of  the  rate  at  which  a 
chemical  evaporates  from  both  soil  and  water.  It  is  of  primary  significance  where 
environmental  interfaces  such  as  surface  soil/air  or  surface  water/air  are  important. 
Vapor  pressures  for  volatiles  are  generally  many  times  higher  than  vapor  pressures 
for  pesticides  and  PAHs.  As  a  result  of  the  combined  effects  of  vapor  pressure  and 
water  solubility,  concentrations  of  volatile  organics  in  surface  soils  at  the  landfill 
were  expected  to  be  very  low,  and  were  therefore  not  analyzed. 

Henry’s  Law  Constant  -  The  vapor  pressure  and  the  water  solubility  are  of  use  in 
determining  volatilization  rates  from  surface  water  bodies.  The  ratio  of  these  two 
parameters  is  used  to  calculate  the  equilibrium  concentrations  of  a  chemical  in  air 
versus  water  for  the  dilute  solutions  commonly  encountered  in  environmental 
settings.  The  Henry's  law  constant  is  also  useful  for  estimating  volatile  releases  of 
ground-water  contaminants  as  a  result  of  potable  use. 

Bioconcentration  Factor  -  The  bioconcentration  factor  (BCF)  represents  the  ratio  of 
concentrations  of  water  contaminants  in  aquatic  species  to  the  concentration  in  the 
water  body  in  which  they  reside.  The  BCF  is  both  contaminant-  and  species-specific. 
When  site-specific  values  are  not  measured,  literature  values  may  be  used,  or  the  BCF 
may  be  derived  from  the  octanol-water  partition  coefficient.  Several  of  the  classes 
of  compounds  detected  at  the  sites  are  bioaccumulative  in  nature,  particularly  the 
PAHs,  pesticides,  and  phthalate  esters,  as  shown  by  the  relative  magnitude  of  the 
BCFs  presented  in  Table  4-1 . 

Specific  Gravity  -  Specific  gravity  is  the  ratio  of  the  weight  of  a  given  volume  of  a 
pure  chemical  to  the  same  volume  of  water  at  a  specified  temperature.  It  is  of 
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primary  utility  in  determining  whether  a  chemical  will  "float"  or  "sink"  in  surface 
water  bodies  or  in  ground  water.  Generally,  organic  chemicals  must  be  present  at 
concentrations  approaching  their  water  solubility  for  density  effects  to  be 
important.  Based  on  the  minimal  observed  ground-water  contaminant 
concentrations  at  the  two  sites,  it  is  not  anticipated  that  density  stratification  has 
had  a  significant  effect  on  contaminant  movement  in  the  subsurface.  For  example, 
the  most  concentrated  ground-water  contaminant  at  the  POL  Storage  Area  (total 
xylenes)  is  present  at  a  maximum  concentration  of  23  yg/L,  which  is  only  0.01  percent 
of  its  water  solubility  ( 1 87,000  ug/L). 

4.2.2  Hazard  Identification 

The  primary  purpose  of  Hazard  Identification  is  to  select  organic  and  inorganic 
chemicals  that  will  adequately  represent  the  risks  posed  by  site-specific 
contamination.  Tables  4-2  and  4-3  present  a  complete  listing  of  the  chemicals  of 
concern  for  soil  and  ground  water  at  Ellington  Field  (ANG).  Chemicals  of  concern 
have  been  identified  based  on  their  frequency  of  occurrence  and  distribution, 
concentrations,  and  toxicity,  as  well  as  through  comparison  with  background 
concentrations  (inorganic  chemicals).  For  the  purpose  of  hazard  identification, 
estimated  values  are  treated  as  real  results  and  are  therefore  not  flagged.  All  data 
qualifiers  are  presented  on  data  tables  in  Section  3  and  Appendix  D  Sample 
concentration  data  presented  throughout  Section  4  does  not  contain  the  J  and  [  ] 
qualifiers  as  indicated  in  analytical  data  base  provided  in  Appendix  D.  The  risk 
assessment  is  based  on  a  conservative  approach  where  all  estimated  data  (J  and  [  ] 
qualified)  are  assumed  to  be  actual  quantitative  concentrations.  Methods  for 
selecting  chemicals  of  concern  are  detailed  in  the  following  sections. 

Chemicals  of  Concern  -  Ground  Water 

A  summary  of  the  maximum  concentrations  of  organic  and  inorganic  chemicals 
detected  in  ground-water  samples  collected  in  the  vicinity  of  the  two  sites  is 
provided  in  Table  4-4.  No  volatile  organic  chemicals  were  detected  in  ground  water 
at  the  Former  Base  Landfill.  However,  two  pesticides  (alpha-BHC  and  methoxychlor) 
were  present  at  very  low  concentrations  in  wells  MW-01  and  MW-05,  respectively. 
Neither  of  these  chemicals  was  detected  in  either  the  surface  or  subsurface  soil 
samples  collected  at  the  landfill.  They  are  relatively  insoluble  chemicals  (similar  to 
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many  of  the  PAHs,  DDT,  and  heptachlor,  which  were  detected  in  the  site  soils  and 
not  in  the  ground  water).  The  source  of  the  alpha-BHC  and  methoxychlor  in  the 
ground  water  cannot  be  tied  to  the  landfill  and  therefore  they  were  not  selected  as 
indicator  chemicals. 

Ground  water  at  the  POL  Storage  Area  contained  low  concentrations  of  several 
monocyclic  aromatics  (e.g.,  ethylbenzene  and  styrene).  These  chemicals  were  also 
detected  in  several  subsurface  soil  samples  from  the  site  and  were  therefore  selected 
as  indicator  chemicals. 

Table 4-5  presents  a  summary  of  inorganic  chemical  concentrations  in  site  ground 
water  versus  naturally  occurring  levels  identified  in  the  literature  and 
Primary/Secondary  Drinking  Water  Standards.  As  shown  by  Table  4-5,  only 
aluminum  was  detected  at  a  concentration  significantly  above  that  reported  as 
background.  Aluminum  is  not  considered  a  toxic  chemical  and  is  not  currently 
regulated.  Other  inorganics  such  as  calcium,  barium,  chromium  and  vanadium  are 
present  at  concentrations  slightly  above  the  maximum  reported  background 
concentrations.  However,  these  inorganics  were  either  present  at  concentrations 
below  the  Drinking  Water  Standards  (barium  and  chromium)  or  are  not  known  to  be 
either  toxic  (at  the  low  concentrations  detected)  or  carcinogenic.  Iron,  which  is 
present  at  a  maximum  concentration  of  3,710  ug/L,  exceeds  the  Secondary  Drinking 
Water  Standard,  but  is  within  the  range  of  naturally-occurring  concentrations.  The 
standard  is  based  on  aesthetic  reasons  (staining)  rather  than  health  reasons,  and 
therefore,  iron  is  not  of  concern  at  these  sites.  No  inorganics  were  selected  as 
chemicals  of  concern  in  ground  water. 

Chemicals  of  Concern  -  Soil 

A  summary  of  the  maximum  observed  organic  chemical  concentrations  in  surface 
and  subsurface  soil  at  the  two  sites  is  provided  in  Table  4-6.  As  shown  in  Table  4-6 
and  as  discussed  in  Sections  3.1 .4  and  3.2.3  (Contaminant  Occurrence  and 
Distribution),  soils  contain  relatively  low  levels  of  organic  compounds  such  as 
monocyclic  aromatics,  chlorinated  aliphatics,  polynuclear  aromatics  and/or 
pesticides. 
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The  various  polynuclear  aromatic  hydrocarbons  (PAHs)  detected  in  the  landfill 
surface  soil  samples  were  found  at  relatively  low  concentrations.  The  presence  of 
low  concentrations  of  these  compounds  is  not  considered  a  threat  to  human  health. 
For  comparative  purposes,  background  total  PAH  concentrations  in  the  vicinity  of 
highways  range  from  6,000  ug/kg  to  300,000  ug/kg  (Santodonato,  etal.,  1982)  and 
urban  soils  are  reported  to  contain  between  25,000  and  580,000  ug/kg  total  PAHs 
(ATSDR,  October  1989).  Site-specific  surface  soil  results  are  well  within  this  range  of 
soil  PAH  concentrations.  The  Former  Base  Landfill  is  located  in  the  vicinity  of  roads, 
railroads  and  airstrips,  all  of  which  are  sources  of  contaminants  derived  from  the 
burning  of  fossil  fuels.  However,  since  no  other  contamination  has  been  identified, 
all  potentially  carcinogenic  PAHs  will  be  retained  as  indicator  chemicals.  The  USEPA 
has  officially  revoked  the  Cancer  Slope  Factors  for  PAHs  (benzo(a)pyrene);  however, 
several  articles  have  proposed  the  use  of  relative  potency  estimates  (based  on  the 
slope  factor  for  benzo(a)pyrene).  In  addition,  naphthalene  was  retained  as  an 
indicator  chemical  because  it  is  known  to  cause  noncarcinogenic  health  effects. 

Surface  soils  at  the  landfill  also  contained  butylbenzylphthalate,  dibenzofuran  and 
DDT  and  its  metabolites.  No  health-based  standards  or  dose-response  parameters 
are  available  for  either  dibenzofuran  or  the  metabolites  of  DDT.  Furthermore,  these 
substances  were  detected  at  concentrations  two  to  three  orders  of  magnitude  less 
than  the  PAHs.  Therefore,  these  compounds  were  not  selected  as  chemicals  of 
concern  in  soil  at  the  landfill.  Compounds  found  only  in  single  subsurface  soil 
samples  at  the  landfill  (phenol  and  heptachlor)  were  not  selected  as  chemicals  of 
concern  for  the  following  reasons.  (1)  there  is  no  route  of  direct  human  or 
environmental  exposure  to  subsurface  soil  contaminants,  and  (2)  they  are  either  not 
highly  soluble  (heptachlor)  or  are  not  highly  toxic  (phenol). 

At  the  POL  Storage  Area,  several  volatile  organic  chemicals  were  detected  in 
subsurface  soil  samples.  Several  of  these  compounds  have  potential  carcinogenic 
effects,  whereas  most  of  the  remaining  volatile  organics  may  cause  threshold 
(noncarcinogenic)  effects  in  human  receptors.  One  compound 
(1,2-dichloropropane)  is  a  suspected  human  carcinogen,  but  it  was  detected  in  only 
one  subsurface  soil  sample  at  a  concentration  of  1  yg/kg.  This  compound  was  not 
selected  as  a  chemical  of  concern.  Of  the  noncarcinogenic  chemicals  detected  at  the 
POL  Storage  Area,  only  4-methyl-2-pentanone  (MIBK)  was  not  selected.  It  was 


H-48-05-0-016H 


4-8 


detected  at  a  maximum  concentration  of  4  pg/kg  and  was  not  found  in  any  of  the 
ground-water  samples. 

Table 4-7  presents  a  summary  of  metals  concentrations  in  the  landfill  surface  soils 
and  also  includes  a  summary  of  literature  background  values.  Soil  samples  at  the 
POL  Storage  Area  were  not  analyzed  for  metals.  Comparison  of  the  maximum  and 
average  concentrations  of  metals  in  landfill  surface  soils  to  the  reported  background 
concentrations  shows  that  arsenic,  lead,  mercury  and  zinc  are  present  at 
concentrations  above  background.  Therefore,  they  have  been  selected  as  chemicals 
of  concern.  Although  lead  has  been  classified  as  a  possible  human  carcinogen,  a 
Cancer  Slope  Factor  has  not  been  developed  for  this  chemical  as  of  this  date.  The 
Reference  Dose  for  lead  is  currently  undergoing  review  by  the  ERA,  but  will  be  used 
to  characterize  potential  noncarcinogenic  effects  associated  with  lead  exposures. 
Arsenic  is  a  known  human  carcinogen  via  inhalation,  and  zinc  and  mercury  are  toxic 
via  ingestion. 

Tables  4-2  and  4-3  present  a  complete  listing  of  the  chemicals  of  concern  for  soil  and 
ground  water  at  Ellington  Field  (ANG).  Toxicological  profiles  for  each  of  the 
chemicals  of  concern  are  provided  in  Appendix  F. 

4.2.3  Dose-Response  Evaluation 

An  important  component  of  the  risk  assessment  process  is  the  relationship  between 
the  dose  of  a  compound  (amount  to  which  an  individual  or  population  is  exposed) 
and  the  potential  for  adverse  health  effects  resulting  from  such  exposure.  Dose- 
response  relationships  provide  a  means  by  which  potential  public  health  impacts 
may  be  evaluated.  Noncarcinogenic  risks  may  be  quantitatively  assessed  by 
comparing  estimated  doses  with  Reference  Doses.  Carcinogenic  risks  may  be 
quantitatively  assessed  using  the  Cancer  Slope  Factor.  These  parameters,  as  well  as 
uncertainty  factors  and  weight-of-evidence  for  carcinogenicity,  are  discussed  below. 

Reference  Dose  (RfD)  -  The  Reference  Dose  applies  to  prolonged  human  exposure  to 
hazardous  chemicals  (i . e . ,  chronic  exposure)  and  is  based  solely  on  the 
noncarcinogenic  effects  of  chemical  substances.  The  RfD  is  usually  expressed  as  an 
"acceptable"  dose  (mg)  per  unit  body  weight  (kg)  per  unit  time  (day).  It  is  generally 
derived  by  dividing  a  No-  Observed-(Adverse)-Effect-Level  (NOAEL  or  NOEL)  or  a 
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Lowest-  Observed-Adverse-Effect-Level  by  an  appropriate  uncertainty  factor. 
NOAELs,  etc.  are  determined  from  laboratory  or  epidemiological  toxicity  studies. 
The  uncertainty  factor  (10,100,  or  1,000)  is  based  on  the  availability  of  toxicity  data. 
10  is  used  if  appropriate  chronic  human  data  are  available;  100  is  used  if  sufficient 
chronic  animal  data  are  available;  and  1,000  is  used  if  only  subchronic  animal  data 
can  be  obtained.  An  additional  uncertainty  factor  (ranging  from  1  to  10)  may  also 
be  included,  depending  on  the  severity  of  the  observed  effect,  if  a  LOAEL  is  used  to 
develop  the  Reference  Dose.  Dividing  the  effect  level  by  an  uncertainty  factor 
results  in  an  RfD  that  is  protective  of  even  the  most  sensitive  members  of  an  exposed 
human  population. 

RfDs  are  route-specific  and  have  been  developed  for  both  ingestional  and 
inhalational  exposures.  The  United  States  Environmental  Protection  Agency  (USEPA) 
has  not  developed  RfDs  for  dermal  exposure  routes.  Dermal  RfDs  may  be  derived 
from  oral  RfDs  if  the  absorption  efficiency  for  oral  administration  is  known  (USEPA, 
December  1989).  Absorption  efficiencies  could  not  be  determined  for  the  chemicals 
of  concern  identified  in  the  preceding  section.  It  was  assumed  that  100  percent 
absorption  occurred  after  ingestional  administration,  and  oral  RfDs  were  used  to 
characterize  noncarcinogenic  risks  associated  with  dermal  contact. 

Cancer  Slope  Factor  (CSF)  -  The  Cancer  Slope  Factor  (formerly  the  Cancer  Potency 
Factor)  is  developed  by  the  USEPA's  Cancer  Assessment  Group  and  is  applicable  for 
estimating  the  lifetime  probability  of  human  receptors  developing  cancer  as  a  result 
of  exposure  to  known  or  suspected  carcinogens.  The  CSF  is  generally  expressed  in 
units  of  (mg/kg/day)-1  and  is  derived  through  an  assumed  low-dosage  linear 
relationship  and  an  extrapolation  from  high  to  low  dose-responses  determined  from 
animal  studies.  The  CSF  is  the  upper  95  percent  confidence  limit  of  the  slope  of  the 
linearized  dose-response  curve.  The  USEPA  weight-of-evidence  classification 
describes  the  preponderance  of  evidence  regarding  carcinogenic  effects  in  humans 
and  animals.  The  categories  are  defined  as  follows: 
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EPA  Category 

Description  of  Group 

Description  of  Evidence 

Group  A 

Human  carcinogen 

Sufficient  evidence  from  epidemiologic 
studies  to  support  a  casual  association 
between  exposure  and  cancer. 

Group  B1 

Probable  human 
carcinogen 

Limited  evidence  of  carcinogenicity  in 
humans  from  epidemiologic  studies. 

Group  B2 

Probable  human 
carcinogen 

Sufficient  evidence  of  carcinogenicity  in 
animals;  inadequate  evidence  of 
carcinogenicity  in  humans. 

Group  C 

Possible  human 
carcinogen 

Limited  evidence  of  carcinogenicity  in 
animals. 

Group  D 

Not  classified 

Inadequate  evidence  of  carcinogenicity 
in  animals. 

Group  E 

No  evidence  of 
carcinogenicity  in 
humans 

No  evidence  of  carcinogenicity  in  at 
least  two  adequate  animal  tests  or  in 
both  epidemiologic  and  animal  studies. 

Values  of  the  noncarcinogenic  and  carcinogenic  dose-response  parameters  for  site 
chemicals  of  concern  are  provided  in  Table  4-8.  In  addition,  appropriate  regulatory 
standards  and  guidelines  such  as  Maximum  Contaminant  Levels,  Maximum 
Contaminant  Level  Goals,  Ambient  Water  Quality  Criteria  and  USEPA  Drinking 
Water  Health  Advisories  are  also  presented.  The  dose-response  parameters  were 
used  to  generate  quantitative  risk  estimates  Site-specific  ground-water 
concentrations  were  also  contrasted  with  appropriate  standards  and  guidelines  to 
provide  an  indication  of  the  quality  of  site  ground  water. 

Appendix  F  contains  brief  toxicological  profiles  for  each  chemical  of  concern.  The 
profiles  present  a  summary  of  available  published  information  on  both  human 
health  and  environmental  effects. 

4.3  IDENTIFICATION  OF  RECEPTORS 

Based  on  a  review  of  existing  site  conditions,  current  land  and  water  use  and  site- 
specific  chemical  contamination,  potential  routes  by  which  human  receptors  may  be 
exposed  to  contaminants  at  the  sites  have  been  identified.  Exposures  may  occur 
directly  at  the  site  or  as  a  result  of  contaminant  migration  to  offsite  receptor 
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locations.  Potential  receptors  include  local  residents  as  well  as  military  and  civilian 
base  personnel. 

4.3.1  Land  Use 

Discussions  with  Ellington  Field  (ANG)  personnel  indicate  that  the  facility  will 
continue  in  use  as  a  government  facility  and  will  not  be  developed  for  any 
residential  or  commercial  purposes.  Furthermore,  Ellington  Field  (ANG)  personnel 
indicate  that  the  two  sites  investigated  at  the  facility  (i.e.,  the  Former  Base  Landfill 
and  the  POL  Storage  Area)  will  not  be  developed  as  either  domicile  areas 
(i.e.,  barracks,  officer  housing,  etc.)  or  for  other  uses  that  will  result  in  increased 
contact  or  disturbance  of  the  subsurface. 

Based  on  reported  water  use  in  the  vicinity  of  the  base,  it  has  been  assumed  that 
shallow  ground  water  may  be  used  a  potable  water  source.  Although  production 
wells  are  reported  to  exist  at  the  base,  these  wells  are  believed  to  be  installed  in  an 
aquifer  that  is  not  threatened  by  the  minimal  contamination  observed  at  either  site. 

4.3.2  Potential  Receptors 

Potential  receptors  at  Ellington  Field  (ANG)  include  both  military  and  civilian  base 
personnel  as  well  as  offbase  residents.  Base  personnel  could  be  exposed  to  residual 
contamination  in  soils  during  activities  such  as  landscape  maintenance  (lawnmowing 
at  the  landfill)  or  as  a  result  of  routine  maintenance  at  the  POL  (e.g.,  pump  repair, 
filling/decanting  operations).  Offbase  personnel  may  be  exposed  as  a  result  of 
contaminant  migration  (fugitive  dust  emissions  or  advective  transport  of  dissolved 
species  in  ground  water).  However,  the  results  of  the  risk  assessment  indicate  that 
no  significant  noncarcinogenic  or  carcinogenic  risk  are  likely  to  occur  during 
activities  such  as  landscape  maintenance,  based  on  the  available  data. 

Potential  receptors  consisting  of  base  personnel  include  only  adults.  Offbase 
receptors  include  adults,  adolescents,  and  children. 
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4.3.3  Exposure  Routes 


The  following  exposure  routes  will  be  considered  for  onbase  and  offbase  receptors: 

•  Incidental  ingestion  of  surface  soils  (base  personnel) 

•  Dermal  contact  (absorption)  with  surface  soil  (base  personnel) 

•  Ground  water  use  (offbase  receptors) 

•  Inhalation  of  fugitive  dust  (offbase  receptors) 

Ground  water  use  exposure  routes  include  ingestion,  inhalation  of  volatiles  during 
showering  and  dermal  contact  during  showering  or  bathing.  Inhalation  of  fugitive 
dust  by  offbase  receptors  includes  intake  as  a  result  of  both  respiratory  and 
gastrointestinal  tract  deposition  of  respirable  particulates. 

Several  additional  exposure  routes  were  not  considered  as  significant  mechanisms 
for  human  exposure.  Such  routes  included  inhalation  of  volatile  emissions  from  the 
site  surface  soils  and  exposures  associated  with  erosional  transport  of  surficial 
contaminants. 

Sampling  and  analysis  activities  at  the  landfill  did  not  reveal  the  presence  of  volatile 
organics  in  the  shallow  subsurface  soils.  Shallow  subsurface  soil  samples  (0  to  2  feet 
deep)  in  the  drainage  swale  at  the  POL  Storage  Area  did  not  contain  volatile 
organics.  The  maximum  concentration  of  volatiles  (19,100  pg/kg)  was  found  at  a 
sample  depth  of  4to  6  feet  in  one  boring,  (SB-13),  which  is  an  area  covered  with 
concrete,  as  is  most  of  the  site.  Therefore,  emission  of  volatiles  is  not  considered  a 
significant  contaminant  release  mechanism  for  either  site. 

Erosion  of  surface  soils  and  transport  to  offsite  locations  via  surface  water  runoff  is 
not  considered  a  significant  contaminant  release  mechanism.  The  landfill  is 
currently  vegetated,  and  the  POL  Storage  Area  is  covered  by  concrete.  The  presence 
of  cover  impedes  erosional  releases  Furthermore,  topographic  relief  is  not 
particularly  pronounced,  and  infiltration  and  evapotranspiration  are  probably  the 
primary  mechanisms  for  loss  of  precipitation  in  unpaved  portions  of  the  landfill.  At 
the  POL  Storage  Area,  samples  were  collected  in  a  drainage  swale  that  leaves  the  site 
(samples  01 -SB07A-A  and  01-SB08A-A).  These  samples  contained  no  volatile 
organics,  a  fact  that  indicates  that  contamination  may  have  left  the  site  in  the  past  as 
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releases  of  materials  stored  in  the  tanks.  However,  because  the  tanks  had  secondary 
containment  and  because  there  is  little  relief,  releases  of  fuel  products  have 
probably  not  migrated  far  from  the  site.  Continued  offsite  migration  of  these 
contaminated  subsurface  soils  is  unlikely.  Therefore,  erosion  is  not  considered  a 
significant  contaminant  release  mechanism,  and  exposures  associated  with  such 
releases  will  not  be  considered. 


4.4  POTENTIAL  MIGRATION  PATHWAYS 

Various  aspects  of  contaminant  fate  and  transport  and  exposure  assessment  at 
Ellington  Field  (ANG)  are  discussed  in  this  section.  Potential  contaminant  migration 
routes  are  identified  and  discussed  in  Section  4.4. 1.  Section  4.4.2  presents  a  brief 
discussion  of  contaminant  persistence.  The  methods  used  to  estimate  human 
exposures  to  the  identified  contaminants  are  presented  in  Section  *  '.3 

4.4.1  Potential  Migration  Routes 

This  section  identifies  the  primary  contaminant  migration  pathway(s)  for  the  two 
sites  investigated.  Contaminant  release/migration  mechanisms  were  identified 
through  a  review  of  the  site-specific  analytical  data  base,  various  site  features  and 
hydrogeologic  conditions. 

Neither  site  exhibits  a  significant  amount  of  contamination.  At  both  sites, 
subsurface  soils  exhibit  some  contamination  with  volatile  organics,  base/neutral-  or 
acid-extractables  and/or  pesticides.  The  primary  release  mechanism  acting  at  these 
sites  is  the  slow  downward  migration  of  contaminants  through  the  soil  column. 
Neither  site  exhibited  a  major  ground-water  contamination  problem,  which  is  to  be 
expected  considering  the  relatively  low  concentrations  of  organic  chemicals  in  the 
soils. 


The  potential  impact  of  soil  contamination  may  be  estimated  using  the  USEPA's 
Organic  Leachate  Model  (OLM)  (USEPA,  November  13, 1986): 


'leachate 


=  2.21  x  10 


-  3  ,-,0.678  c  0.373 

X  C  ,  X  b 
sou 
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Where: 


Qeachate  is  the  estimated  leachate  concentration  (mg/L) 

Csoil  is  the  soil  concentration  (mg/kg) 

S  is  the  water  solubility  (mg/L) 

This  equation  is  used  to  calculate  the  leachate  concentrations  in  the  unsaturated 
zone.  This  leachate  will  eventually  enter  the  saturated  zone  and  be  diluted. 
Dilution  is  calculated  as  follows,  using  a  model  proposed  by  Donigian  et  al. 
(November  1983): 


Cgw 


Cj  X  q  X  L 
Vdxm 


Where: 

Cgw  is  the  contaminant  concentration  in  the  saturated  zone  (mg/L) 

C|  is  the  contaminant  concentration  in  leachate,  as  calculated  by  the 

OLM  (mg/L) 

q  is  the  estimated  recharge  rate  (cm/yr) 

L  is  the  length  of  the  source  area  perpendicular  to  ground-water  flow 

direction  (m) 

Vd  is  the  Darcy  ground-water  velocity  (cm/yr) 

m  isthe  effective  aquifer  thickness  in  the  mixing  zone  (m) 

The  most  concentrated  contaminant  found  in  any  soil  sample  was  at  the  POL  Storage 
Area  where  ethylbenzene  was  detected  at  13  mg/kg.  With  a  solubility  of  152  mg/L, 
Qeachate  is  determined  to  be  8. 1  x  10-2  mg/L.  Assuming  a  recharge  rate  of  1 2  cm/yr,  a 
length  of  1 50  m,  a  Darcy  velocity  of  3,600  cm/yr  and  a  thickness  of  3.5  m,  the  ground- 
water  concentration  is  estimated  to  be  1.2  x  10-2  mg/L.  Considering  that  the 
maximum  concentration  of  ethylbenzene  detected  in  the  ground  water  is  6  ug/L  and 
using  this  process  (which  assumes  that  the  entire  site  contains  ethylbenzene  at 
13  mg/kg)  results  in  a  concentration  of  12  yg/L,  it  is  unlikely  that  the  site  soils  are  a 
significant  source  of  future  ground-water  contamination. 
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An  additional  aspect  of  contaminant  migration  is  related  to  the  concept  of  the 
retardation  factor  defined  in  Section  4.2.1.  This  factor  can  be  used  to  estimate 
contaminant  velocities.  Based  on  the  following  assumptions 

•  foe  =  0.01  kg/kg 

•  p  =2.7  kg/L 

•  n  =  0.35 

Taking  into  account  contaminant  retardation,  contaminant  velocities  range  from 
0.28ft/day  (acetone  and  methylene  chloride)  to  1.6  x  10-6  ft/day  (4,4'-DDT). 
Assuming  the  nearest  receptor  well  is  one  mile  downgradient  of  either  site,  the  most 
mobile  contaminants  (acetone  and  methylene  chloride)  could  reach  the  receptor 
well  in  52  years. 

Another  potential  contaminant  release  mechanism  at  the  landfill  is  the  atmospheric 
transport  of  contaminated  particulates  as  fugitive  dust.  Although  most  of  the  site  is 
currently  covered  with  grass,  fugitive  dust  emissions  are  considered  possible. 
Surficial  soil  samples  at  the  site  contain  low  concentrations  of  various  semivolatile 
organics,  pesticides,  and  various  inorganic  constituents.  These  compounds  may  be 
released  from  the  site  via  fugitive  dust  emissions.  Based  on  the  available  data,  the 
results  of  the  risk  assessment  indicated  no  significant  noncarcinogenic  or 
carcinogenic  risks  appear  to  exist  in  light  of  these  release  mechanisms. 

Overland  transport  of  contaminated  soils  is  not  considered  a  significant  migration 
pathway  at  either  site.  The  presence  of  vegetation  and  various  cover  materials,  as 
well  as  the  relatively  flat  topography,  will  impede  erosion  of  surficial  materials. 

Volatilization  of  organic  chemicals  from  either  site  is  also  considered  a  relatively 
insignificant  release  mechanism.  Surface  soil  samples  at  the  landfill  were  not 
analyzed  for  volatile  organics  and  would  not  be  expected  to  contain  any  because  of 
high  ambient  temperature  and  the  unconsolidated  nature  of  the  surficial  material. 
In  addition,  only  low  concentrations  of  volatile  organics  were  detected  in  the 
subsurface  soils.  The  surface  soil  at  the  landfill  contains  a  number  of  semivolatile 
compounds  probably  as  a  result  of  vehicular  traffic  at  the  landfill.  The  pesticides 
found  in  low  concentrations  at  this  site  are  also  unlikely  to  volatilize  (see 
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Section  4.2.1).  Shallow  subsurface  soils  at  the  POL  Storage  Area  contained  only  low 
concentrations  of  volatile  organics. 

4.4.2  Contaminant  Persistence 

The  persistence  of  various  classes  of  site  contaminants  is  discussed  in  this  section. 
The  following  general  classes  of  compounds  are  discussed  : 

•  Ketones 

•  Monocyclic  aromatic  volatiles 

•  Chlorinated  aliphatic  volatiles 

•  Phthalate  esters 

•  Polynuclear  aromatic  hydrocarbons  (PAHs) 

•  Pesticides 

Ketones  are  volatile  and  if  they  are  released  to  the  ground,  they  will  both  evaporate 
and  leach  into  the  subsurface  unsaturated  and  saturated  soil  Acetone  is  susceptible 
to  aerobic  biodegradation.  Ketones  are  generally  very  soluble  and  lipophobic,  and, 
therefore,  adsorption  to  soil  or  sediment  (in  aquatic  systems)  or  bioconcentration 
are  not  significant  fate  processes  (Howard,  1990). 

Monocyclic  aromatic  compounds,  such  as  benzene  and  ethylbenzene,  are  not 
considered  persistent  environmental  contaminants  in  comparison  to  PAHs,  pesticides 
and  metals.  Such  compounds  are  subject  to  degradation  via  the  action  of  both  soil 
and  aquatic  microorganisms.  The  biodegradation  of  these  compounds  in  the  soil 
matrix  is  dependent  on  the  abundance  of  microflora,  macronutrient  availability,  soil 
reaction  (pH),  temperature,  etc.  Increasing  chlorination  of  aromatic  compounds 
makes  them  more  resistant  to  biodegradation.  Hence,  chlorobenzene  is  not 
expected  to  degrade  as  readily  as  nonhalogenated  compounds.  For  example,  a 
reported  first-order  biodegradation  rate  constant  for  benzene  in  aquatic  systems  is 
0.11  day1,  whereas  the  corresponding  rate  constant  tor  chlorobenzene  is 
0.0045  day-1  (Lyman  et  a  I 1982).  Half-lives  for  these  compounds  are,  therefore, 
6  days  and  1 50  days,  respectively. 

Based  on  the  current  extent  of  contamination  at  the  two  sites,  it  is  not  expected  that 
significant  degradation  of  the  various  aromatic  compounds  will  occur. 
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Contamination  is  primarily  confined  to  the  subsurface  soils  where  limited 
macronutrient  availability  and  anaerobic  conditions  are  expected  to  impede  such 
processes.  Other  potential  environmental  degradation  mechanisms,  such  as 
hydrolysis  and  photolysis,  are  considered  insignificant  for  monocyclic  aromatic 
compounds  (USEPA,  December  1982).  The  aromatic  volatiles  at  the  sites  are 
primarily  confined  to  the  subsurface  soils.  Hence,  photolytic  degradation  cannot 
occur. 

Chlorinated  aliphatic  hydrocarbons,  such  as  methylene  chloride,  are  subject  to 
reductive  dehalogenation  via  the  action  of  anaerobic  bacteria.  Photolytic 
degradation  is  not  considered  a  significant  fate  process  for  these  types  of 
compounds  (USEPA,  December  1982).  Methylene  chloride  is  contained  in  the 
subsurface  matrix,  which  prevents  photolytic  degradation  from  occurring. 
Hydrolysis  may  occur  for  saturated  aliphatics  (i.e.,  alkanes),  but  does  not  appear  to 
be  a  significant  degradation  mechanism  for  unsaturated  species  (i.e.,  alkenes 
[USEPA,  December  1982]). 

Phthalate  esters  are  considered  relatively  persistent  environmental  contaminants. 
Although  numerous  studies  have  demonstrated  that  such  compounds  undergo 
biodegradation,  it  appears  that  this  is  a  very  slow  process  in  soils  While 
biodegradation  of  phthalate  esters  is  an  important  fate  mechanism  over  the  long¬ 
term,  rapid  degradation  of  such  compounds  is  not  expected  under  existing  site 
conditions.  Hydrolysis  is  not  expected  to  be  a  significant  degradation  mechanism  for 
phthalate  esters.  For  example,  a  reported  alkaline  hydrolysis  half-life  for 
bis(2-ethylhexyl)phthalate  in  aquatic  systems  is  2,000  years  (USEPA,  December  1979). 
Similarly,  photolysis  is  considered  an  insignificant  degradation  mechanism  (USEPA, 
December  1979). 

Polynuclear  aromatic  hydrocarbons  (PAHs)  are  constituents  of  oil  and  grease. 
Landfarming  applications  have  indicated  that  PAHs  are  amenable  to  microbial 
degradation  and  studies  have  demonstrated  that  PAHs  are  more  readily  degraded  in 
soil  matrices  than  aquatic  systems  (USEPA,  December  1979).  It  is  considered  possible 
that  degradation  of  PAHs  in  site  soils  has  occurred  to  some  extent.  PAHs  do  not 
contain  functional  groups  susceptible  to  hydrolytic  actions,  and  therefore,  hydrolysis 
is  considered  an  insignificant  degradation  mechanism.  Photolysis  may  be  a  major 
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degradation  path  in  aquatic  systems  but  is  probably  insignificant  in  surface  soils  at 
the  landfill. 

When  pesticides  and  herbicides  are  used,  a  large  proportion  reaches  the  soil  or 
sediment  where  they  are  strongly  adsorbed.  Bioconcentration  of  pesticides  in  the 
food  chain  is  a  potential  fate  mechanism  although  this  is  generally  most  important 
in  aquatic  environments.  Hydrolysis,  volatilization,  oxidation,  and  photolysis  are  not 
generally  important  fate  mechanisms  for  pesticides  in  either  soil  or  water  (EPA, 
December  1979). 

In  conclusion,  it  is  not  expected  that  environmental  transformation  or  degradation 
of  the  primary  contaminants  at  Ellington  Field  (ANG)  will  occur  to  any  great  extent. 

4.4.3  Exposure  Assessment  Methods  and  Assumptions 

The  methods  and  models  used  to  assess  human  intakes  via  each  of  the  potential 
exposure  routes  are  summarized  in  this  section.  For  the  most  part.  United  States 
Environmental  Protection  Agency  (USEPA)  risk  assessment  guidance  outlined  in  Risk 
Assessment  Guidance  for  Superfund,  Volume  I,  Human  Health  Evaluation  Manual 
(Part  A)  was  employed  to  assess  exposures  (USEPA,  December  1989). 

Ground-Water  Exposure  Concentrations 

Exposure  estimates  associated  with  potable  use  of  ground  water  were  generated 
using  the  analytical  results  from  the  field  investigation.  Maximum  observed 
ground-water  concentrations  were  used  for  one  scenario,  and  a  second  exposure 
scenario  examines  the  potential  effects  of  leachate  generated  from  subsurface  soils 
at  each  site.  Each  scenario  assumes  there  is  no  attenuation  or  degradation  of 
contaminants  prior  to  reaching  an  offsite  well,  or  conversely,  that  wells  are  installed 
at  the  site  boundaries. 

Exposure  estimates  developed  using  field-generated  data  should  be  considered 
worst-case  estimates,  since  drinking  water  wells  do  not  exist  in  the  shallow  aquifer  in 
the  immediate  vicinity  of  the  base.  Risk  assessment  results  based  on  these  data 
provide  an  overall  indication  of  the  quality  of  ground  water  in  the  vicinity  of  the  site, 
but  do  not  reflect  realistic  risks  under  current  site  conditions. 
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Because  a  potabie  water  supply  well  may  draw  water  from  discrete  locations  within 
the  aquifer  in  the  vicinity  of  the  site,  maximum  concentrations  of  the  various 
chemicals  detected  were  employed  for  each  of  the  preceding  scenarios.  Table  4-4 
summarizes  the  ground-water  concentrations  used  under  the  ground-water 
exposure  scenarios. 

The  leaching  scenario  examined  for  each  site  is  based  on  the  maximum  contaminant 
concentrations  in  the  subsurface  soils.  Again,  this  provides  a  conservative  estimate 
of  risk  posed  under  the  hypothetical  ground  water  use  scenario. 

Soil  Exposure  Concentrations 

Exposure  estimates  for  dermal  contact  and  accidental  ingestion  of  soils  at  each  site 
were  generated  using  site-specific  surface  soil  concentrations  (Former  Base  Landfill) 
or  shallow  subsurface  concentrations  (POL  Storage  Area).  Because  the  POL  Storage 
Area  is  covered  with  concrete,  soil  samples  collected  at  depths  of  0  to  2  feet  were 
used  to  assess  these  exposure  routes.  This  approach  was  used  because  even  though 
it  is  unlikely  that  potential  receptors  will  come  into  contact  with  only  discrete 
portions  of  the  site,  a  conservative  approach  ensures  protection  of  public  health. 

Maximum  soil  concentrations  at  the  landfill  also  were  used  to  characterize  potential 
exposures  as  a  result  of  fugitive  dust  emissions.  This  approach  was  used  in  an  effort 
to  be  conservative  within  the  defined  exposure  scenarios.  Soil  samples  collected  at 
depths  of  0  to  2  feet  will  be  used  to  evaluate  potential  fugitive  dust  exposures  from 
the  POL  Storage  Area.  Table  4-6  summarizes  the  maximum  soil  concentrations  that 
were  considered  to  characterize  exposures  through  dermal  contact,  incidental 
ingestion,  and  inhalation  of  fugitive  dust. 

Intake  Estimation  Method 

Chronic  (longer-term)  Reference  Doses  were  ultimately  used  to  characterize 
potential  noncarcinogenic  risks.  To  account  for  the  sporadic  nature  of  the  majority 
of  the  potential  exposures,  human  intakes  through  most  exposure  routes  were 
based  on  exposure  frequency  time-weighted  concentrations.  Furthermore,  lifetime 
incremental  cancer  risks  were  generated  using  Cancer  Slope  Factors.  Exposure 
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duration  and  lifetime  terms  were  used  to  characterize  incremental  cancer  risks,  since 
they  are  lifetime  probability  estimates. 

Ground-Water  Use 


Three  specific  exposure  routes  associated  with  ground  water  use  were  assessed: 
ingestion,  inhalation  of  volatiles  while  showering,  and  dermal  contact.  The  methods 
used  to  assess  these  exposures  are  discussed  in  the  following  text. 

Ingestional  exposure  was  characterized  using  the  following  expression  (USEPA, 
December  1989): 


IEX  =  Cx  IR  x  EFx  ED/BW/LT/365 


Where: 

IEX  is  the  ingestional  exposure  dose  (mg/kg/day) 

C  is  the  estimated  ground-water  concentration  at  the  receptor  point  (mg/L) 
IR  is  the  water  ingestion  rate  (L/day) 

EF  is  the  exposure  frequency  (days/yr) 

ED  is  the  exposure  duration  (yrs) 

BW  is  the  receptor  body  weight  (kg) 

LT  is  the  lifetime  of  the  receptor  (yrs) 

365  is  a  conversion  factor  (days/yr) 

Ingestion  rates  (IR)  were  specified  as  2  liters/day,  1.5  liters/day,  and  1  liter/day  for 
adult,  adolescent,  and  child  receptors,  respectively.  Since  exposures  associated  with 
ground  water  use  could  occur  on  virtually  a  daily  basis,  the  exposure  frequency  (EF) 
was  specified  as  365  days/year.  The  exposure  duration  (ED)  and  lifetime  (LT)  were 
specified  as  70  years  for  adult  receptors.  These  terms  are  used  only  for 
characterization  of  long-term  (carcinogenic)  risks  in  this  and  all  subsequent  exposure 
routes.  Body  weights  were  set  as  follows:  adults-70  kg  adolescents-35  kg, 
children-10  kg. 
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Inhalational  exposure  during  showering  was  estimated  using  a  mass  transfer  model 
developed  for  this  specific  exposure  route  and  a  dose  estimate  model.  The  method 
employed  is  as  follows  (USEPA,  December  1989;  Foster  and  Chrostowski,  1987): 


IEX  =  SxlRxKxEFxED/BW/LT/Ra/106 
K  =  Ds  +  exp{-RaDt)/Ra-exp(Ra(Ds-Dt)]/Ra 


Where: 

IEX  is  the  inhalational  exposure  dose  (mg/kg/day) 

S  is  the  volatile  chemical  generation  rate  (yg/m3/min) 

IR  is  the  inhalation  rate  (L/min) 

EF  is  the  exposure  frequency  (days-1) 

ED  is  the  exposure  duration  (yrs) 

BW  is  the  receptor  body  weight  (kg) 

LT  is  the  receptor  lifetime  (yrs) 

Ra  isthe  air  exchange  rate  (min*1) 

106  is  a  conversion  factor  (mg/pg/m3/L) 

Ds  isthe  shower  duration  (min) 

Dt  is  the  total  duration  in  the  bathroom  (min) 

The  volatile  chemical  generation  rate  was  estimated  using  the  Foster  and 
Chrostowski  mass  transfer  model,  which  is  based  on  a  two-phase  film  theory.  The 
model  employs  contaminant-specific  mass  transfer  coefficients,  Henry's  law 
constants,  droplet  diameter,  drop  time,  viscosity  and  temperature,  etc.  Specific 
details  regarding  the  application  of  the  mass  transfer  model,  as  well  as  sample 
calculations,  are  included  in  Appendix  F. 

Inhalation  rates  were  specified  as  14liters/min  and  11  liters/min  for  adult  and 
adolescent  receptors,  respectively.  Young  children  are  not  expected  to  shower,  and 
therefore,  child  exposures  were  not  considered  through  this  route.  The  exposure 
frequency  was  specified  as  1  day-1  (i.e.,  1  shower  per  day)  for  both  adult  and 
adolescent  receptors.  The  exposure  duration  and  lifetime  terms  were  set  as  70  years 
for  adult  receptors.  Body  weights  were  specified  as  follows:  adults  -  70  kg; 
adolescents-35  kg. 
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The  air  exchange  rate  (Ra)  was  specified  as  0.0083  min-  i  for  all  receptors.  The 
shower  duration  (Ds)  and  total  duration  in  the  bathroom  (Dt)  were  set  as  15  minutes 
and  20  minutes,  respectively. 

Dermal  exposure  during  bathing  or  showering  was  estimated  as  follows  (USEPA, 
December  1989): 


DEX  =  C  x  PC  x  AV  x  ETxEFx  ED/ BW/LT/ 103/365 


Where: 

DEX  is  the  dermal  exposure  dose  (mg/kg/day) 

C  is  the  estimated  water  concentration  at  the  receptor  point  (mg/L) 

PC  is  the  permeability  constant  of  water  (cm/hr) 

AV  is  the  skin  surface  area  available  for  contact  (cm2) 

ET  is  the  exposure  time  (hrs/day) 

EF  is  the  exposure  frequency  (days/year) 

ED  is  the  exposure  duration  (years) 

BW  is  the  receptor  body  weight  (kg) 

LT  is  the  lifetime  of  the  receptor  (years) 

103  is  a  conversion  factor  (L/cm3) 

365  is  a  conversion  factor  (days/year) 

This  approach  is  based  on  the  assumption  that  ground-water  contaminants  are 
present  in  dilute  form  and  that  percutaneous  penetration  is  controlled  by  the 
absorption  of  water  through  the  skin.  The  permeability  constant  was  specified  as 
0.0008  cm/hr  (USEPA,  December  1989).  Skin  surface  areas  available  for  contact  was 
set  as  19,400  cm2,  14,900  cm2,  and  7,280  cm2,  f0r  male  adults,  adolescents,  and 
children,  respectively  (USEPA,  December  1989).  The  exposure  time  was  specified  as 
0.2  hr/day  for  all  three  receptor  groups.  Exposure  frequencies  were  set  as 
365  days/year.  The  exposure  duration  and  lifetime  were  specified  as  70  years  for 
adult  receptors.  Body  weights  were  set  as  follows:  adults-70  kg;  adolescents-35  kg; 
children-10  kg. 


R-48-05-0-016H 


4-23 


Incidental  Ingestion  of  Surface  Soil 


It  is  remotely  possible  that  base  personnel  may  be  exposed  through  incidental 
ingestion  of  surface  soil.  Exposures  through  this  route  are  expected  to  occur  on  an 
infrequent  basis,  but  could  arise  as  a  result  of  hand-to-mouth  contact  during 
activities  such  as  landscaping  or  mowing.  Intakes  through  this  route  were  estimated 
using  the  following  expression  (USEPA,  December  1989): 

IEX  =  CxlRxEFxED/BW/LT/365/106 


Where: 

IEX  is  the  ingestional  expose :  dose  (mg/kg/day) 

C  is  the  concentration  o  '  the  contaminant  in  soil  (mg/kg) 

IR  is  the  soil  ingestion  rate  (mg/event) 

EF  is  the  exposure  frequency  (events/yr) 

ED  is  the  exposure  duration  (yrs) 

BW  is  the  receptor  body  weight  (kg) 

LT  is  the  receptor  lifetime  (yrs) 

365  is  a  conversion  factor  (days/yr) 

106  is  a  conversion  factor  (mg/kg) 

An  ingestion  rate  of  10  mg/event  was  assumed  for  adult  receptors.  This  value  is 
one-tenth  of  the  daily  ingestion  rate  reported  by  the  USEPA  (USEPA, 
December  1989)  and  has  been  used,  since  such  exposures  are  expected  to  occur  over 
brief  time  intervals.  An  exposure  frequency  of  12  everits/year  (i.e.,  once  per  month) 
was  specified.  An  exposure  duration  of  40 years  was  assumed  for  civilian  base 
personnel.  A  body  weight  of  70  kg  was  be  used. 

Dermal  Contact  With  Surface  Soil 


Direct  dermal  contact  with  surface  soil  could  occur  in  the  same  manner  as  previously 
discussed  with  respect  to  incidental  ingestion.  Exposures  through  this  route  will  be 
characterized  as  follows: 

DEX  =  CxSAxAFxABSxEFxED/BW/AT/LT/106 
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Where: 

DEX  is  the  absorbed  dose  (mg/kg/day) 

C  is  the  concentration  of  the  contaminant  in  soil  (mg/kg) 

SA  is  the  exposed  skin  area  (cm2/day) 

AF  is  the  soil  to  skin  adherence  factor  (mg/cm2) 

ABS  is  the  absorption  factor  (dimensionless) 

EF  is  the  exposure  frequency  (days/yr) 

ED  is  the  exposure  duration  (yrs) 

BW  is  the  receptor  body  weight  (kg) 

AT  is  the  averaging  time  (days/year) 

LT  is  the  lifetime  (yrs) 

106  is  a  conversion  factor  (mg/kg) 

The  exposed  skin  area  was  set  as  2,948  cm2/day  (Schaum,  November  1984).  This  is  the 
exposed  surface  area  of  adults  wearing  short-sleeved,  open-necked  shirts,  pants, 
shoes,  and  no  gloves  or  hat.  The  soil  adherence  factor  was  set  as  1.45  mg/cm2  (EPA, 
December  1989).  Absorption  factors  were  set  as  follows:  volatiles-0.10, 
semivolatiles  and  pesticides-0.05,  metals-0.0  These  factors  account  for  resistance 
to  mass  transfer  from  the  soil  to  the  skin  surface  as  well  as  to  transport  through  the 
skin.  These  are  considered  reasonable  estimates,  since  studies  have  shown  that  less 
than  10  percent  of  most  chemical  substances  are  percutaneously  absorbed  even 
upon  topical  administration  (Feldman  and  Mailbach,  1970;  USEPA,  May  1986). 

The  exposure  frequency  was  set  as  12  days/year.  The  exposure  duration  was  set  as 
40  years  (working  lifetime  at  the  facility).  The  receptor  body  weight  was  set  as 
70  kg;  the  averaging  time,  365  days;  and  the  receptor  lifetime,  70  years. 

Inhalation  of  Fugitive  Dust 

Although  the  emission  of  fugitive  dust  is  impeded  by  the  presence  of  cover  materials 
(i  e,  concrete  and  asphalt)  and  vegetation,  this  is  considered  a  potential  contaminant 
release  mechanism  and  exposure  pathway.  Fugitive  dust  emissions,  dispersion,  and 
downwind  concentrations  were  characterized  using  a  particulate  emission  model 
developed  by  the  USEPA  (Cowherd  et  al.,  1 984).  The  model  output  is  contingent 
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upon  input  parameters  including  the  area  of  the  source,  the  quantity  of  erodible 
material,  mean  wind  speed,  vegetative  cover  factors  and  Thornthwaite's 
precipitation/evaporation  index,  etc.  Details  regarding  the  emission  model  are 
included  in  Appendix  F.  Values  of  the  various  input  parameters  were  determined 
from  the  literature  (Cowherd  et  al.,  1984).  Inhalationa!  exposures  were 
characterized  using  the  following  expression  (USEPA,  December  1989): 

IEX  =  C  x  IR  x  ET  x  EF  x  ED  /  BW  /  LT  /  365 


Where: 

IEX  is  the  inhalational  dose  (mg/kg/day) 

C  is  the  concentration  of  the  contaminant  in  air  (mg/m3) 

IR  is  the  inhalation  rate  (m3/hr) 

ET  is  the  exposure  time  (hrs/day) 

EF  is  the  exposure  frequency  (days/yr) 

ED  is  the  exposure  duration  (yrs) 

BW  is  the  receptor  body  weight  (kg) 

LT  is  the  lifetime  (yrs) 

365  is  a  conversion  factor  (days/yr) 

Potential  receptors  through  this  route  include  persons  residing  just  beyond  the 
perimeter  of  the  base.  It  was  assumed  that  such  individuals  could  be  exposed  on  a 
frequent  basis  and  adult,  adolescent,  and  child  exposures  were  considered. 
Inhalation  rates  were  specified  as  20  m3/day  (0.83  m3/hr),  10  m3/day  (0.42  m3/hr),  and 
3  m3/day  (0.12m3/hr),  for  adults,  adolescents,  and  children,  respectively.  The 
exposure  time  was  specified  as  24  hours/day,  since  it  was  assumed  that  dust  was 
present  both  inside  and  outside  domiciles.  The  exposure  frequency  was  set  as 
312  days/year  (6  days/week)  to  account  for  times  when  receptors  are  outside  the 
exposure  zone.  The  exposure  duration  was  specified  as  70  years  (worst-case). 
Receptor  body  weights  were  set  as  follows:  adu!ts-70kg,  adolescents-35  kg, 
children--10  kg.  Lifetimes  were  assumed  to  be  70  years.  Additional  input 
parameters  specific  to  the  emission  modeling  effort  are  provided  in  Appendix  E. 
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4.4.4  Exposure  Assessment  Summary 


Exposures  through  potable  use  of  ground  water,  dermal  contact  with  surface  soil, 
incidental  ingestion  of  surface  soil,  and  inhalation  of  fugitive  dust  were  considered. 
Two  distinct  receptor  groups  have  been  identified:  onsite  receptors  (base  personnel) 
and  offsite  receptors  (local  residents).  Adults  constitute  the  primary  onsite 
receptors.  Offsite  exposures  were  considered  for  adults,  adolescents,  and  children. 
Table  4-9  provides  a  synopsis  of  the  various  exposure  routes  and  pertinent 
assumptions  identified  in  the  preceding  text. 

4.5  RISK  CHARACTERIZATION 

Potential  human  health  risks  resulting  from  the  exposure  routes  outlined  in 
Section  4.4.3  (Exposure  Assessment)  are  characterized  on  a  quantitative  basis  in  this 
section.  Quantitative  risk  estimates  are  generated  based  on  risk  assessment  methods 
outlined  in  USEPA  guidance  (USEPA,  December  1989).  Noncarcinogenic  risk 
estimates  are  presented  in  the  form  of  Hazard  Quotients  and  Hazard  Indices  that  are 
determined  through  comparison  of  estimated  doses  with  published  Reference 
Doses.  Incremental  cancer  risk  estimates  are  provided  in  the  form  of  dimensionless 
probabilities  based  on  published  Cancer  Slope  Factors  and  time-weighted  average 
doses.  Section  4.5. 1  summarizes  the  estimated  human  intakes  (doses)  for  each  of  the 
exposure  routes.  Section  4.5.2  summarizes  the  results  of  the  noncarcinogenic  risk 
assessment.  Carcinogenic  risk  estimates  are  provided  in  Section  4.5.3.  Section  4.5.4 
contrasts  observed  ground-water  concentrations  with  applicable  standards  or 
guidelines. 

4.5.1  Dose  Estimates 

Estimated  intakes  were  developed  for  each  of  the  specific  exposure  routes  discussed 
previously.  Complete  calculations  and  methods  are  provided  in  Appendix  F. 
Table  4-10  summarizes  the  estimated  intakes  (doses)  for  the  routine  domestic  use  of 
onsite  ground  water  by  local  residents.  Table  4-1 1  summarizes  the  doses  based  on  a 
scenario  that  includes  leachate  generation  from  contaminated  soil  with  subsequent 
dilution  in  the  water  table  aquifer. 
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Table  4-12  presents  the  estimated  doses  associated  with  inhalation  of  fugitive  dust 
by  offsite  receptors.  Estimated  doses  from  dermal  contact  and  incidental  ingestion 
of  surface  soils  by  onsite  receptors  are  provided  in  Table  4-13. 

Each  table  presents  the  average  annual  doses  for  each  receptor.  The  average  annual 
doses  are  used  to  calculate  noncarcinogenic  health  risks.  To  calculate  lifetime 
incremental  cancer  risks,  a  time  weighting  factor  is  used,  as  explained  in 
Section  4.4.3.  The  time  weighting  factor  consists  of  an  exposure  duration  as  part  of  a 
lifetime.  For  onsite  receptors  this  factor  is  40  yr/70  yr,  which  is  a  conservative 
assumption  for  a  career  employee.  For  offsite  receptors,  this  is  70  yr/70  yr,  or 
alternatively  1.0  (an  entire  lifetime). 

4.2.2  Noncarcinogenic  Risk  Assessment 

Noncarcinogenic  risk  is  assessed  using  the  concept  of  Hazard  Quotients  and  Hazard 
Indices.  The  Hazard  Quotient  is  the  ratio  of  the  estimated  dose  and  the  Reference 
Dose  for  a  selected  indicator  chemical,  as  follows. 

Hazard  Quotient  =  Dose/Reference  Dose 

A  Hazard  Index  is  generated  by  summing  the  individual  Hazard  Quotients  for  the 
chemicals  of  concern.  If  the  value  of  the  Hazard  Index  exceeds  unity  (1.0),  there  is  a 
potential  noncarcinogenic  health  risk  associated  with  exposure  to  that  particular 
chemical  mixture  (USEPA,  September  1986).  The  Hazard  Index  is  not  a  mathematical 
prediction  of  the  severity  of  toxic  effects;  it  is  simply  a  numerical  indicator  of  the 
possibility  of  the  occurrence  of  noncarcinogenic  (threshold)  effects.  If  the  ratio  of 
the  dose  and  the  Reference  Dose  for  a  selected  chemical  exceeds  unity,  it  is  likely 
that  noncarcinogenic  effects  would  occur  as  a  result  of  the  exposure. 

Tables 4-14  and  4-15  summarize  the  Hazard  Quotients  associated  with  domestic  use 
of  onsite  ground  water  and  ground  water  affected  by  leachate,  respectively.  The 
results  presented  in  these  tables  may  be  considered  to  be  conservative  estimates,  for 
the  following  reasons: 

•  The  Hazard  Quotients  are  based  on  the  maximum  detected  or  predicted 
ground-water  concentrations. 
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•  The  exposure  scenario  assumes  that  the  contaminant  concentrations 
observed  on  site  will  migrate  to  an  offsite/offbase  receptor  location  with  no 
further  dilution  or  attenuation. 

Even  under  these  conservative  assumptions,  no  Hazard  Index  exceeds  unity.  The 
maximum  estimated  Hazard  Index  (0.10)  is  for  small  children  under  the  leaching 
scenario.  Under  current  site  conditions,  therefore,  potential  receptors  are  not 
expected  to  incur  an  unacceptable  noncarcinogenic  health  risk  as  a  result  of  the 
routine  domestic  use  of  ground  water  (even  if  a  potable  water  well  were  installed  in 
close  proximity  to  the  sites). 

Table  4-16  presents  a  summary  of  Hazard  Quotients  and  Hazard  Indices  for  exposure 
of  offsite  residents  to  fugitive  dust  emissions.  The  maximum  Hazard  Indices  for  the 
landfill  (2.8  x  1(M)  and  the  POL  Storage  Area  (7.5x10-9)  are  well  below  unity, 
indicating  that  fugitive  dust  emissions  would  be  unlikely  to  cause  any  adverse 
noncarcinogenic  health  effects  under  a  relatively  steady  exposure  scenario. 

Table  4-17  presents  Hazard  Quotients  and  Hazard  Indices  for  periodic  exposures  to 
surface  soils  by  base  personnel  (adults  only).  Incidental  ingestion  of  site  soils  under 
the  scenario  defined  in  Sections  4.3  and  4.4  results  in  a  Hazard  Index  of  1.1  x  10-3  at 
the  landfill  and  4.5  x  10-8  at  the  POL  Storage  Area.  Dermal  contact  results  in  Hazard 
Indices  of  6.7  x  10-6  (the  Former  Base  Landfill)  and  1.1  x  10-6  (the  POL  Storage  Area). 
This  shows  that  there  is  little  possibility  of  base  personnel  suffering  adverse  health 
impacts  after  periodic  exposure. 

4.5.3  Carcinogenic  Risk  Assessment 

Incremental  cancer  risk  estimates  were  generated  for  each  of  the  exposure  pathways 
using  the  estimated  doses  and  published  Cancer  Slope  Factors,  as  follows: 

Risk  =  DosexCSF 

The  risk  determined  using  this  expression  is  a  unitless  expression  of  an  individual's 
likelihood  of  developing  cancer  as  a  result  of  exposure  to  carcinogenic  chemicals.  An 
incremental  cancer  risk  of  1  x  10-6  indicates  that  the  exposed  receptor  has  a 
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1  in  1  million  chance  of  developing  cancer  after  a  lifetime  of  exposure.  Alternately, 
such  a  risk  may  be  interpreted  as  representing  one  additional  case  of  cancer  in  an 
exposed  population  of  1  million  people.  Cancer  risks  based  on  Cancer  Slope  Factors 
should  be  recognized  as  upper-limit  estimates.  Cancer  Slope  Factors  (CSFs)  are  the 
upper  95  percent  confidence  limit  of  a  dose-response  curve  generally  derived  from 
animal  studies.  Actual  human  risk,  while  not  identifiable,  is  not  expected  to  exceed 
the  upper  limit  based  on  CSFs,  and,  in  fact,  may  be  much  lower. 

Based  on  the  revised  National  Contingency  Plan  [40CFR  300.430(e)],  the  range  of 
excess  individual  lifetime  cancer  risk  used  as  cleanup  goals  for  Superfund  Sites  is 
between  10-4  (1  in  10,000)  to  10*6  (1  in  1,000,000).  Site-specific  cleanup  standards 
are  based  on  reasonable  worst-case  exposure  scenarios. 

Table  4-18  presents  a  summary  of  the  incremental  cancer  risks  for  the  potential 
domestic  use  of  contaminated  ground  water  affected  by  leachate  (no  carcinogens 
were  detected  in  actual  ground-water  samples  at  either  site).  The  risk  at  the  Former 
Base  Landfill  is  3.2  x  10-5,  for  oral,  dermal  and  inhalational  exposures  combined,  and 
at  the  POL  Storage  Area  the  risk  is  estimated  to  be  6.8  x  10-6,  based  on  the 
conservative  assumptions  discussed  earlier.  The  primary  contributors  to  these  risks 
are  benzo(a)pyrene  at  the  landfill  and  methylene  chloride  at  the  POL  Storage  Area. 
However,  considering  that  at  least  50  years  will  elapse  before  the  first  contaminant 
could  reach  a  receptor  well  1  mile  downgradient  of  the  base,  the  risks  presented 
above  are  currently  of  little  concern.  Furthermore,  since  attenuation  mechanisms 
such  as  adsorption,  molecular  diffusion,  and  hydrodynamic  dispersion  will  act 
between  the  source  and  potential  receptor  wells,  it  is  considered  unlikely  that  either 
site  poses  a  threat  to  downgradient  wells. 

Table  4-19  presents  a  summary  of  incremental  cancer  risks  from  potential  exposure 
to  fugitive  dust  emissions.  The  lifetime  incremental  cancer  risks  resulting  from 
exposure  to  fugitive  dust  emissions  from  the  landfill  is  7.2  x  10-7,  which  is  primarily 
attributable  to  the  presence  of  arsenic  and  benzo(a)pyrene  in  the  surface  soil  of  the 
eastern  portion  of  the  landfill.  However,  it  should  be  noted  that,  at  the  present 
time,  USEPA  considers  it  inappropriate  to  perform  a  quantitative  carcinogenic  risk 
assessment  on  benzo(a)pyrene  or  other  PAHs.  In  addition,  the  concentrations  of 
PAHs  found  in  these  surface  soils  are  well  within  the  range  of  concentrations 
reported  in  developed  areas. 
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Table  4-20  summarizes  estimated  incremental  cancer  risks  associated  with  periodic 
employee  exposure  to  onsite  surface  soils.  The  risks  at  the  Former  Base  Landfill, 
again,  are  primarily  associated  with  the  presence  of  benzo(a)pyrene  in  the  eastern 
portion  of  the  landfill.  However,  the  total  risk  for  both  the  ingestion  and  dermal 
contact  scenarios  is  1.5x10-6.  These  scenarios  used  the  maximum  contaminant 
concentrations  in  an  effort  to  be  conservative,  and  this  resulted  in  a  risk  well  within 
the  "acceptable"  risk  range  (1(Hto  10-6).  The  potential  carcinogenic  risk  associated 
with  onsite  exposures  to  soils  at  the  POL  Storage  Area  are  much  lower  (6.1  x  10-10), 
and  is  attributable  to  the  presence  of  benzene. 

In  conclusion,  no  significant  noncarcinogenic  or  carcinogenic  risks  appear  to  exist 
based  on  the  available  data  and  the  exposure  scenarios  considered.  All  risks,  even 
under  the  relatively  conservative  scenarios  used,  fall  within  or  below  the  USEPA 
range  of  acceptable  risks  (1(H  to  10-6). 

4.5.4  Comparison  of  Ground-Water  Data  with  Standards/Guidelines 

Comparison  of  the  maximum  observed  ground-water  concentrations  (Table  4-2) 
with  the  final  Maximum  Contaminant  Levels  (MCLs)  presented  in  Table  4-8  reveals 
that  no  constituents  exceed  applicable  regulatory  criteria.  However,  lead,  which  was 
detected  at  a  maximum  concentration  of  10.6  pg/L,  exceeds  the  proposed  MCL  of 
5  pg/L,  and  styrene,  which  was  detected  at  a  maximum  concentration  of  10  pg/L, 
exceeds  a  proposed  MCL  of  5  pg/L.  However,  the  5  pg/L  standard  for  styrene  is  based 
on  a  carcinogenicity  classification  of  B2,  while  a  standard  of  100  pg/L  has  been 
proposed  if  styrene  is  a  Class  C  carcinogen.  This  issue  has  not  yet  been  resolved  by 
the  USEPA.  No  metals  were  detected  at  concentrations  that  exceed  Primary  Drinking 
Water  Standards  (Table  4-5). 

No  contaminants  were  detected  in  ground  water  at  the  POL  Storage  Area  that 
exceeded  Drinking  Water  Health  Advisories  (Table  4-8). 
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TABLE  4-2 

CHEMICALS  OF  CONCERN 
FORMER  BASE  LANDFILL 
ELLINGTON  FIELD  (ANG) 
HOUSTON,  TEXAS 


Medium 

Chemicals  of  Concern 

Soil 

• 

Butylbenzylphthalate 

• 

Benzo(a)anthracene 

• 

Benzo(b)fluoranthene 

• 

Benzo(k)fluoranthene 

• 

Benzo(a)pyrene 

• 

lndeno(1,2,3-cd)pyrene 

• 

Naphthalene 

• 

4,4'-DDT 

• 

Arsenic 

• 

Lead 

• 

Mercury 

• 

Zinc 
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TABLE  4-3 


CHEMICALS  OF  CONCERN 
POL  STORAGE  AREA 
ELLINGTON  FIELD  (ANG) 
HOUSTON,  TEXAS 


Medium 

Chemicals  of  Concern 

Soil 

•  Acetone 

•  2-Butanone 

•  Benzene 

•  Ethylbenzene 

•  Total  xylenes 

•  Styrene 

•  Chlorobenzene 

•  Methylene  chloride 

Ground  Water 

•  Ethylbenzene 

•  Chlorobenzene 

•  Total  xylenes 

•  Styrene 
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TABLE  4-4 


MAXIMUM  GROUND-WATER  CONCENTRATIONS 


Chemical 

Former  Base 
Landfill 
(ug/Lj* 

POL 

Storage  Area 
(ug/L) 

Ethylbenzene 

ND  (5) 

6 

Chlorobenzene 

ND  (5) 

6 

Total  Xylenes 

ND  (5) 

23 

Styrene 

ND(5) 

10 

Alpha-BHC 

0.037 

NA 

Methoxychlor 

0.022 

NA 

Aluminum 

2,910 

NA 

Barium 

517 

NA 

Beryllium 

1.3 

NA 

Calcium 

176,000 

NA 

Chromium 

7.9 

NA 

Iron 

3,710 

NA 

Lead 

10.6 

NA 

Manganese 

498 

NA 

Nickel 

12.1 

NA 

Vanadium 

10.8 

NA 

Petroleum  Hydrocarbons 
(mg/L) 

0.9 

ND  (0.2) 

ND  Not  detected. 

NA  Not  analyzed. 

*  Where  not  detected,  method  detection  limit  shown  in 
parentheses. 
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TABLE  4-5 


SITE  GROUND-WATER  AND  BACKGROUND  INORGANIC  CONCENTRATIONS 

FORMER  BASE  LANDFILL 


Chemical 

Maximum  Site 
Ground-Water 
Concentrations^) 
(yg/L) 

Background 

Ground-Water 

Concentrations^) 

(yg/L) 

Primary  or 
Secondary  Drinking 
Water  Regulations^) 
(yg/L) 

Aluminum 

2,910 

<5.0-1,000 

NA 

Arsenic 

ND  (1.1) 

<1.0-30 

50 

Barium 

517 

10-500 

1,000 

Beryllium 

1.3 

<10 

NA 

Cadmium 

ND  (3.3) 

<1.0 

10 

Calcium 

176,000 

1,000-150,000 

NA 

Chromium 

7.9 

<1-5.0 

50 

Cobalt 

ND  (6.5) 

<10 

NA 

Copper 

ND  (6.9) 

<1.0-30 

1,000/1,300(5) 

Iron 

3,710 

10-10,000 

300 

Lead 

10.6 

<15 

50/5(5) 

Magnesium 

ND  (270) 

1,000-50,000 

NA 

Manganese 

498 

<1.0-1,000 

50 

Mercury 

ND  (0.1) 

<1.0 

2 

Nickel 

12.1 

<10-50 

NA 

Potassium 

ND  (94.2) 

1,000-10,000 

NA 

Selenium 

ND  (1.7) 

<1.0-10 

10 

Silver 

ND  (6.9) 

<5.0 

50 

Sodium 

ND  (500) 

500-120,000 

NA 

Vanadium 

10.8 

<1.0-10 

NA 

Zinc 

ND  (2.0) 

<10-2,000 

5,000 

I1)  Ground-water  samples  at  the  POL  Storage  Area  were  not  analyzed  for  metals. 

(2)  Maximum  concentration  detected  in  all  samples  obtained  in  January  1990. 

(3)  Dragun,  1988. 

(4)  40  CFR  141  and  143. 

(5)  Proposed  Maximum  Contaminant  Level  {EPA,  August  18, 1988). 

ND  Not  detected  above  the  detection  limit  shown. 

NA  Not  available. 


R-48-05-0-016H 


4-39 


TABLE  4-6 

MAXIMUM  SOIL  CONCENTRATIONS 


t 


Chemical 

Former  Base  Landfill 

POL  Storage  Area 

Surface 

(ug/kg) 

Subsurface 

(ug/kg) 

Subsurface 
(0-2  feet) 
(ug/kg) 

Subsurface 
(>2  feet) 
(ug/kg) 

Acetone 

ND 

ND 

250 

ND 

2-Butanone 

ND 

ND 

41 

ND 

4-Methyl-2-pentanone 

ND 

ND 

ND 

4 

Benzene 

ND 

ND 

180 

ND 

Ethylbenzene 

ND 

ND 

210 

13,000 

Total  xylenes 

ND 

ND 

240 

12 

Styrene 

ND 

ND 

ND 

5 

Chlorobenzene 

ND 

ND 

ND 

1 

Methylene  chloride 

ND 

ND 

ND 

6,100 

1,2-Dichloropropane 

ND 

ND 

ND 

1 

Butylbenzylphthalate 

290* 

ND 

ND 

ND 

Acenaphthene 

400* 

ND 

ND 

ND 

Anthracene 

810* 

ND 

ND 

ND 

Benzo(a)anthracene 

2,350* 

ND 

ND 

ND 

Benzo(b)fluoranthene 

1,800* 

ND 

ND 

ND 

Benzo(k)fluoranthene 

1,850* 

ND 

ND 

ND 

Benzo(a)pyrene 

ND 

ND 

ND 

Chrysene 

2,250* 

ND 

ND 

ND 

Fluoranthene 

4,350* 

ND 

ND 

ND 

Fluorene 

410* 

ND 

ND 

ND 

ND  Not  detected. 

NA  Not  analyzed. 

4  Average  of  two  duplicate  samples  using  one-half  the  detection  limit  for 
non-detects. 
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TABLE  4-6  (CONTINUED) 

MAXIMUM  SOIL  CONCENTRATIONS 
PAGE  TWO  OF  THREE 


Chemical 

Former  Base  Landfill 

POL  Storage  Area 

Surface 

(yg/kg) 

Subsurface 

(yg/kg) 

Subsurface 
(0-2  feet) 
(yg/kg) 

Subsurface 
( >2  feet) 
(yg/kg) 

lndeno(1,2,3-cd)pyrene 

930* 

ND 

ND 

ND 

Naphthalene 

180* 

ND 

ND 

200 

2-Methylnaphthalene 

ND 

ND 

ND 

640 

Phenanthrene 

3,250* 

ND 

ND 

ND 

Pyrene 

3,550* 

ND 

ND 

ND 

Dibenzofuran 

200* 

ND 

ND 

ND 

Phenol 

ND 

22 

ND 

ND 

4,4'DDT 

10 

ND 

NA 

NA 

4,4'-DDD 

11 

ND 

NA 

NA 

4,4'-DDE 

12 

ND 

NA 

NA 

Heptachlor 

ND 

21 

NA 

NA 

Aluminum 

11,000* 

9,590 

NA 

NA 

Arsenic 

32.4* 

5.0 

NA 

NA 

Barium 

302 

136 

NA 

NA 

Beryllium 

ND 

0.90 

NA 

NA 

Calcium 

39,900 

38,000 

NA 

NA 

Chromium 

16.0 

10.1 

NA 

NA 

Cobalt 

ND 

22.0 

NA 

NA 

Copper 

ND 

8.9 

NA 

NA 

Iron 

8,960* 

16,000 

NA 

NA 

ND  Not  detected. 

NA  Not  analyzed. 

*  Average  of  two  duplicate  samples  using  one-half  the  detection  limit  for 
non -detects. 
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TABLE  4-6  (CONTINUED) 

MAXIMUM  SOIL  CONCENTRATIONS 
PAGE  THREE  OF  THREE 


Chemical 

Former  Base  Landfill 

POL  Storage  Area 

Surface 

(ug/kg) 

Subsurface 

(ug/kg) 

Subsurface 
(0-2  feet) 
(ug/kg) 

Subsurface 
(>2  feet) 
(ug/kg) 

Lead 

141 

15.8 

NA 

NA 

Magnesium 

2,720 

3,460 

NA 

NA 

Manganese 

152 

540 

NA 

NA 

Mercury 

0.19 

0.34 

NA 

NA 

Nickel 

ND 

16.2 

NA 

NA 

Potassium 

750 

1,400 

NA 

NA 

Sodium 

253 

ND 

NA 

NA 

Vanadium 

ND 

20.9 

NA 

NA 

Zinc 

180 

29.0 

NA 

NA 

Petroleum  Hydrocarbons 

ND 

ND 

132 

99 

ND  Not  detected. 

NA  Not  analyzed. 

*  Average  of  two  duplicate  samples  using  one-half  the  detection  limit  for 
non-detects. 


R-48-05-0-016H 


4-42 


ONSITE  SURFACE  SOIL  AND  BACKGROUND  INORGANIC  CONCENTRATIONS 

FORMER  BASE  LANDFILL 


Literature  Background  Surface  Soil 
Concentrations^) 

Average 

Concentration 

(mg/kg) 

74,000  1 

o 

o 

r-* 

VO 

33,000  | 

VO 

LA 

26,000  | 

o 

rsi 

10,000  1 

o 

00 

I  S900 

(X 

z 

12,000  | 

LA 

LO 

Range  of  Positive 
Detections 
(mg/kg) 

5,000-100,000 

<0.1-97 

70-5,000 

600-320,000 

3-2,000 

o 

o 

o 

o' 

o 

1 

o 

o 

o 

<10-700 

300-100,000 

30-5,000 

<0.01-4.6 

1,900  63,000 

500-100,000 

10-2,100 

Former  Base  Landfill  Surface  Soil  Concentrations 

Average 

Concentration 

(D 

(mg/kg) 

060'8 

13.4 

CO 

00 

T— 

26,500 

13.6 

0697 

96.2 

2,040 

122 

21  0 

640 

201 

111 

Range  of  Positive 
Detections 
(mg/kg) 

6,010-11,000 

3.5-32.4 

120-302 

9,880-39,900 

11.3-16.0 

6,700-8,960 

22  5-141 

1.480-2,720 

104-152 

0.07-0.19 

492-750 

117-253 

2  5-180(3) 

Number  of  Positive 
Detections/Number 
of  Samples 

3/3 

3/3 

3/3 

m 

m 

3/3 

3/3 

m 

m 

[  3/3 

m 

no 

3/3 

3/3 

£/£ 

2/3 

Chemical 

|  Aluminum 

|  Arsenic 
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|Zinc 
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C  Possible  human  carcinogen 

D  Not  classifiable  as  to  human  carcinogenicity 

EEvidence  of  noncarcinogenicity  for  humans 
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TABLE  4-9 

EXPOSURE  ASSESSMENT  SUMMARY^) 


Exposure  Route 

Input  Parameters 

POTABLE  USE  OF  GRO 

UND  WATER  -  OFFSITE  (LOCAL  RESIDENTS) 

Ingestion 

Ingestion  Rate: 

Adults: 

Adolescents. 

Children: 

2  L/day 

1.5  L/day 
1.0  L/day 

Exposure  Frequency: 

365  days/year 

Exposure  Duration :(2) 

Adults: 

70  years 

Lifetime  :(2) 

Adults: 

70  years 

Body  Weight: 

Adults: 

Adolescents: 

Children: 

70  kg 

35  kg 

10  kg 

lnhalation(3) 

Inhalation  Rate: 

Adults: 

Adolescents: 

14  L/min 

1 1  L/min 

Exposure  Frequency. 

1/day 

Exposure  Duration: 

Adults: 

70  years 

Lifetime: 

Adults: 

70  years 

Body  Weight: 

Adults: 

Adolescents. 

70  kg 

35  kg 

Dermal  Absorption 

Permeability  Constant:  0.0008  cm/hr 

Skin  Surface  Area: 

Adults:  19,400  cm2 

Adolescents:  14,900  cm2 
Children:  7,280  cm2 

Exposure  Time: 

0.25  hr/day 

Exposure  Frequency: 

365  days/year 

Exposure  Duration: 

Adults: 

70  years 

Lifetime: 

Adults: 

70  years 

Body  Weight: 

Adults: 

Adolescents: 

Children: 

70  kg 

35  kg 

10  kg 

0)  See  text  for  parameter  references. 

(2)  Exposure  and  lifetime  terms  for  long-term  (lifetime  or  working 
lifetime)  risk  estimates  only  (adults)  for  all  exposure  routes. 

(3)  Children  not  exposed  through  shower/inhalation  route. 


f 
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TABLE  4-9  (CONTINUED) 

EXPOSURE  ASSESSMENT  SUMMARYO) 
PAGE  TWO  OF  TWO 


Exposure  Route 

Input  Parameters 

SURFACE  SOIL  -  OFFSI 

TE  (LOCAL  RESIDENTS) 

Inhalation  of 

Fugitive  Dust 

Inhalation  Rate: 

Adults: 

Adolescents: 

Children: 

0.83  m3/hr 
0.43  m3/hr 
0.12  m3/hr 

Exposure  Time: 

24  hours/day 

Exposure  Frequency: 

312  days/year 

Exposure  Duration: 

70  years 

Lifetime: 

70  years 

Body  Weight: 

Adults: 

Adolescent: 

Children: 

70  kg 

35  kg 

10  kg 

SURFACE  SOIL  -  ONSITE  (BASE  PERSONNEL) 


Incidental  Ingestion 
of  Surface  Soil 

Ingestion  Rate:  10  mg/event 

Exposure  Frequency:  1 2  events/year 

Exposure  Duration :  40  years 

Lifetime:  70  years 

Body  Weight:  70  kg 

Dermal  Contact 

With  Surface  Soil 

Skin  Surface  Area:  2,948  cm2 

Soil  Adherence  Factor:  1 .45  mg/cm2 

Absorption  Factor:  Volatiles:  0.10 

Semivolatiles:  0.05 

Pesticides:  0.05 

Metals  0 

Exposure  Frequency:  1 2  days/year 

Exposure  Duration :  40  years 

Lifetime:  70  years 

Body  Weight:  70  kg 

(1)  See  text  for  parameter  references. 

(2)  Exposure  and  lifetime  terms  for  long-term  (lifetime  or  working  lifetime) 
risk  estimates  only  (adults)  for  all  exposure  routes. 

(3)  Children  not  exposed  through  shower/inhalation  route. 
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TABLE  4-10 


DOSE  ESTIMATES-OFFSITE  RECEPTORS 
DOMESTIC  USE  OF  GROUND  WATER 
POL  STORAGE  AREA 


Chemical 

Dose  Estimate  (mg/kg/day)0) 

Ingestion  and  Dermal  Absorption 

Inhalation 

Adult 

Youth 

Child 

Adult 

Youth 

Ethylbenzene 

1.7  x  10-4 

2.6  x  10-4 

6.0  x  10-4 

7.4  x  10-5 

1.2  x  10-4 

Xylenes 

6.6  x  10-4 

9.9  x  10-4 

2.3  x  10-3 

2.8  x  10-4 

4.4  x  10-4 

Styrene 

2.9  x  10-4 

4.3  x  10-4 

1.0  x  10-3 

1.2  x  10-4 

1.9  x  10-4 

Chlorobenzene 

1.7  x  10-4 

2.6  x  10-4 

6.0  x  10-4 

7.1  x  10-5 

1.1  x  10-4 

0)  Calculations  provided  in  Appendix  E. 
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DOSE  ESTIMATES  -  OFFSITE  RECEPTORS!*) 

DOMESTIC  USE  OF  GROUND  WATER  (BASED  ON  SOIL  CONTAMINATION) 
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(1)  Calculations  provided  in  Appendix  E. 

(2)  Based  on  maximum  soil  concentrations. 

ND  Not  detected. 

NA  Not  analyzed. 
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(0  Calculations  provided  in  Appendix  E. 

(2)  Based  on  maximum  soil  concentrations 
ND  Not  detected. 

NA  Not  analyzed. 


DOSE  ESTIMATES  -  OFFSITE  RECEPTORStt) 
FUGITIVE  DUST  EMISSIONS 


o 

o 

o 

o 

01 

(0 

2 

6 

o 

1 

o 

t 

o 

1 

o 

Q 

Q 

Q 

Q 

Q 

a 

a 

E 

1c 

X 

X 

X 

X 

X 

z 

Z 

z 

Z 

Z 

z 

z 

u 

'S’ 

r>» 

no 

ai 

‘-P 

l/l 

iri 

00 

nri 

Ul^ 

a>C 

mX 
o  >» 

o 

— 

o 

o 

O 

n  ro 

X 

i 

, 

• 

o 

r— 

V 

V 

o 

o 

o 

o 

Q 

Q 

Q 

Q 

Q 

o 

a 

v  ai 

o 

X 

X 

X 

X 

X 

z 

Z 

Z 

Z 

Z 

z 

z 

<- 

>- 

no 

VO 

CO 

7 

o 

-  o> 

LO 

00 

no 

Lri 

01  C 
D|C 

(D 

o 

o 

7 

o 

o 

o 

+* 

6 

, 

■ 

o 

i/i 

3 

o 

b 

r— 

o 

Q 

Q 

Q 

Q 

D 

Q 

o 

O 

■a 

X 

X 

X 

X 

X 

Z 

Z 

Z 

Z 

Z 

z 

z 

< 

T— 

m 

vo 

m 

ai 

Lri 

CO 

nri 

** 

Ul 

V 

O 

oi 

o> 

Ol 

<0 

E 

2 

< 

< 

< 

< 

< 

< 

< 

< 

b 

o 

i 

o 

o 

X 

2 

Z 

z 

z 

z 

z 

z 

z 

x 

X 

X 

X 

Wl 

UJ 

u 

VO 

Ol 

ai 

k 

u-i 

VO 

<U  — 

02X 
Q  > 

O 

oi 

Ol 

Ol 

_  m 
^=-Q 

X 

+/ 

3 

< 

< 

< 

< 

< 

< 

< 

< 

o 

o 

r— 

o 

o 

"O  Ol 

c-^ 

o 

>- 

Z 

Z 

z 

z 

z 

z 

z 

z 

X 

00 

X 

O) 

X 

X 

rvi 

*3  cn 
-J  c 

ai 

pv 

vb 

vb 

ai  C 

in  ■  ■ 
ID 

03 

o 

Ol 

6 

<J» 

cr» 

W 

OJ 

3 

< 

< 

< 

< 

< 

< 

< 

< 

o 

o 

o 

E 

w 

-D 

< 

z 

z 

z 

z 

z 

z 

z 

z 

X 

X 

VO 

X 

a> 

X 

o 

O 

u. 

ai 

1^ 

Lri 

vb 

"ra 

at 

a > 
+-> 
fa 

cu 

a> 

c 

01 

0) 

c 

Of 

2 

05 

QJ 

X 

X 

E 

« 

X 

u 

<v 

c 

<D 

c 

<U 

N 

0) 

c 

QJ 

N 

C 

c 

2 

X 

u 

a> 

-C 

x: 

ja. 

>* 

N 

u 

(0 

k. 

X 

+/ 

c 

fa 

c 

f0 

k_ 

0 

2 

<■*- 

c 

ta 

o 

2 

ai 

c 

o 

<-> 

a; 

u 

o 

c 

f0 

+Z 

3 

CO 

1 

c 

Of 

N 

c 

QJ 

C 

a* 

X 

>. 

X 

+/ 

1/1 

<u 

c 

0J 

>1 

<JJ 

c 

a> 

■_ 

>i 

<v 

JO 

o 

k. 

2 

X 

0) 

>i 

X 

+■> 

aj 

c 

oj 

x 

>s 

3 

2 

'o 

N 

c 

Of 

X 

'o 

N 

c 

0J 

2“ 

N 

c 

oj 

< 

rsi 

00 

UJ 

X 

co 

u 

2 

00 

00 

00 

00 

i/i 

c 

o 

'+-• 

fO 

i— 

C 

Q> 

c/ 

C 

O 

u 

5 

i/i 

(U 

u 

fa 

H— 

1— 

3 

UJ  ? 

.5  !a 
"O  <v 
c  C 

(U  V. 

a.  o 

Q.  ni 
^  U 

C  H— 

-a  £ 

’>  3 

2  § 

Q.  x  _  _ 
X  C  «-»  N 

°ry  > 

PO 

m  !a  O  O 
UfflZZ 


_ Q< 

c  Cl  z  z 


R-48-05-0-016H 


4-52 


TABLE  4-12  (CONTINUED) 

DOSE  ESTIMATES  -  OFFSITE  RECEPTORS^) 
FUGITIVE  DUST  EMISSIONS 
PAGE  TWO  OF  TWO 


POL  Storage  Area  Dose  Estimates 
(mg/kg/day)(D 
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Chemical 

|  Benzo(a)pyrene 

|lndeno(1,2,3-cd)pyrene 

|  Naphthalene 
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|  Arsenic 

|  Lead 

|  Mercury 

1  Zinc 
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0)  Calculations  provided  in  Appendix  E. 

(2)  Based  on  maximum  surface  or  near-surface  soil  concentrations. 
ND  Not  detected. 

NA  Not  analyzed. 
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TABLE  4-13  (CONTINUED) 

DOSE  ESTIMATES  -  ONSITE  RECEPTORS^) 
SURFACE  SOIL  EXPOSURES 
PAGE  TWO  OF  TWO 
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i 


POL  Storage  Area  Dose  Estimates 
(mg/kg/day)(D 
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Onsite  Surface  Soils 
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TABLE  4-14 


HAZARD  QUOTIENTS-OFFSITE  RECEPTORS 
DOMESTIC  USE  OF  GROUND  WATER 
POL  STORAGE  AREA 


Chemical 

Hazard  Quotient^) 

Ingestion  and  Dermal  Absorption 

Inhalation 

Adult 

Youth 

Child 

Adult 

Youth 

Ethylbenzene 

1.7  x  10-3 

2.6  x  10-3 

6.0  x  10-3 

- 

- 

Xylenes 

3.3  x  10-4 

4.9  x  10-4 

1.1  x  10-3 

7.0  x  10-4 

1.1  x  10-3 

Styrene 

1.4  x  10-3 

2.1  x  10-3 

5.0  x  10-3 

- 

- 

Chlorobenzene 

5.7  x  10-3 

8.6  x  10-3 

2.0  x  10-2 

1.4  x  10-2 

2.2  x  10-2 

Total  (Hazard 
Index) 

9.2  x  10-3 

1.4  x  10-2 

3.2  x  10-2 

1.5  x  10-2 

2.3  x  10-2 

(i)  Calculations  provided  in  Appendix  E. 

-  No  reference  dose  available  for  this  route  of  exposure. 
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HAZARD  QUOTIENTS  -  OFFSITE  RECEPTORS^) 

DOMESTIC  USE  OF  GROUND  WATER  (BASED  ON  SOIL  CONTAMINATION) 
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HAZARD  QUOTIENTS  -  ONSITE  RECEPTORS^) 
SURFACE  SOIL  EXPOSURES 
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TABLE  4-18 


INCREMENTAL  CANCER  RISKS-OFFSITE  RECEPTORS  (ADULTS) 
DOMESTIC  USE  OF  GROUND  WATER  (BASED  ON  SOIL  CONCENTRATIONS) 

POL  STORAGE  AREA 


Chemical 

Former  Base  Landfill 
Incremental  Cancer 
RiskO) 

POL  Storage  Area 
Incremental  Cancer 
RiskO) 

Ingestion 

and 

Dermal 

Absorption 

Inhalation 

Ingestion 

and 

Dermal 

Absorption 

Inhalation 

Acetone 

NA 

NA 

— 

— 

2-Butanone 

NA 

NA 

-- 

— 

Benzene 

NA 

NA 

1.0x10-7 

4.9x10-8 

Ethylbenzene 

NA 

NA 

— 

— 

Xylenes 

NA 

NA 

— 

-- 

Styrene 

NA 

NA 

— 

-- 

Chlorobenzene 

NA 

NA 

— 

— 

Methylene  Chloride 

NA 

NA  • 

6.7x10-6 

4.7x10-11 

Butylbenzylphthalate 

-- 

— 

ND 

ND 

Benzo(a)anthracene 

4.5x10-7 

3.9x10-10 

ND 

ND 

Benzo(b)fluoranthene 

3.2x10-6 

3.0x10-8 

ND 

ND 

Benzo(k)fluoranthene 

1.8x10-6 

4.6x10-8 

ND 

ND 

Benzo(a)pyrene 

2.7x10-5 

1.0x10-8 

ND 

ND 

lndeno(1, 2, 3-cd)pyrene 

1.3x10-7 

6.6x10-12 

ND 

ND 

Naphthalene 

— 

— 

-- 

4,4'-DDT 

2.5x10-8 

4.7x10-10 

NA 

NA 

Total  Risk 

3.2x10-5 

8.7x10-8 

6.8x10-6 

4.9x10-8 

0)  Calculations  provided  in  Appendix  E. 

NO  Not  detected. 

NA  Not  analyzed 

No  cancer  slope  factor  available  for  this  route  of  exposure. 
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TABLE  4-19 


INCREMENTAL  CANCER  RISKS  -  OFFSITE  RECEPTORStf) 
FUGITIVE  OUST  EMISSIONS 


Chemical 

Former  Base  Landfill 
Incremental 

Cancer  RiskO) 

POL  Storage  Area 
Incremental  Cancer 
RiskO) 

Adult 

Adult 

Acetone 

NA 

— 

2-Butanone 

NA 

— 

Benzene 

NA 

7.9x10-12 

Ethylbenzene 

NA 

- 

Xylenes 

NA 

— 

Styrene 

NA 

ND 

Chlorobenzene 

NA 

ND 

Methylene  Chloride 

NA 

ND 

Butylbenzylphthalate 

— 

ND 

Benzo(a)anthracene 

8.0x10-10 

ND 

Benzo(b)fluoranthene 

3.7x10-9 

ND 

Benzo(k)fluoranthene 

3.2x10-9 

ND 

Benzo(a)pyrene 

5.2x10-8 

ND 

lndeno(1, 2,3-cd)pyrene 

4.2x10-10 

ND 

Naphthalene 

— 

ND 

4,4'-DDT 

8.3x10-12 

NA 

Arsenic 

6.6x10-7 

NA 

Lead 

-- 

NA 

Mercury 

— 

NA 

Zinc 

— 

NA 

Total  Risk 

7.2x10-7 

7.9x10-12 

I1)  Calculations  provided  in  Appendix  E. 

(2)  Based  on  maximum  surface  or  near-surface  soil  concentrations. 
ND  Not  detected. 

NA  Not  analyzed 

No  cancer  slope  factor  available  for  this  route  of  exposure. 
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INCREMENTAL  CANCER  RISKS  -  ONSITE  RECEPTORS 
SURFACE  SOIL  EXPOSURES 
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TABLE  4-20  (CONTINUED) 

INCREMENTAL  CANCER  RISKS  -  ONSITE  RECEPTORS 
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5.0  SUMMARY  AND  CONCLUSIONS 


The  following  sections  summarize  the  results  of  the  SI  and  present  conclusions  and 
recommendations  for  further  actions.  A  meeting  was  held  at  Ellington  Field  (ANG) 
on  October  3,  1990  to  review  comments  on  the  draft  SI  Report  from  regulatory 
agencies  involved  with  the  SI  activities.  Minutes  from  the  meeting  are  provided  in 
Appendix  G.  Also  contained  in  Appendix  G  is  a  letter  from  the  National  Guard 
Bureau  to  the  Texas  Water  Commission  (TWC)  advising  them  of  the  meeting 
outcome  and  requesting  comments  on  the  SI  Report,  as  a  TWC  representative  was 
not  present  at  the  review  meeting. 

5.1  FORMER  BASE  LANDFILL 

5.1.1  Summary 

A  geophysical  survey  utilizing  magnetometry  and  electromagnetic  conductivity 
techniques  was  conducted  at  the  Former  8ase  Landfill.  The  resulting  data  allowed 
for  the  characterization  of  shallow  subsurface  soils  and  the  identification  of  areas 
where  waste  disposal  activities  had  occurred.  Two  possible  locations  for  the  UST  at 
the  former  incinerator  site  were  also  determined. 

Three  distinct  stratigraphic  zones  were  identified  through  the  soils  investigation 
conducted  at  the  landfill.  Zone  2,  a  layer  of  brown  clayey  silt  and  silty  sand,  was  the 
first  zone  of  saturated  sediments  beneath  the  site  with  sufficient  permeability  to 
yield  ground  water  to  a  borehole  during  drilling.  Nine  subsurface  soil  samples  and 
three  surface  soil  samples  were  collected  during  the  investigation  and  sent  to  a 
fixed-base  laboratory  for  chemical  analysis. 

It  was  determined  through  water  level  measurements  that  the  direction  of  ground- 
water  flow  in  shallow  sediments  beneath  the  landfill  is  generally  to  the  east- 
northeast,  or  toward  the  commercial  sand  pit  adjacent  to  the  site.  Slug  tests 
performed  at  the  wells  installed  at  the  site  allowed  for  the  estimation  of  hydraulic 
conductivities  of  the  Zone  2  sediments.  Five  ground-water  samples  were  collected 
and  sent  to  a  fixed-base  laboratory  for  chemical  analysis. 
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No  volatile  organic  compounds  were  identified  through  laboratory  analysis  in  soil  or 
ground-water  samples  collected  from  the  site.  Several  pesticides  were  detected  in 
soils  and  ground  water  at  low  concentrations,  and  several  BNAs  were  present  in 
surface  soil  samples.  However,  the  analytical  data  does  not  appear  to  indicate  a 
gross  contamination  problem  associated  with  disposal  of  wastes  at  the  Former  Base 
Landfill. 

5.1.2  Conclusions 

A  preliminary  risk  assessment  was  performed  and  concluded  that  there  did  not 
appear  to  be  any  significant  risks  to  human  health  based  on  the  available  data  and 
the  exposure  scenarios  considered. 

5.1.3  Recommendations 

Based  on  the  findings  of  the  SI  activities,  it  is  recommended  that  a  Decision 
Document  be  prepared  substantiating  that  no  further  action  is  necessary  at  the 
Former  Base  Landfill. 

5.2  POL  STORAGE  AREA 

5.2.1  Summary 

A  soils  investigation  conducted  at  the  POL  Storage  Area  indicated  that  the  soil 
profile  beneath  the  site  was  extremely  similar  to  the  profile  beneath  the  Former 
Base  Landfill.  As  at  the  landfill,  Zone  2  was  the  first  zone  to  yield  ground  water  to  a 
borehole  during  drilling.  However,  water  level  data  suggest  that  the  overlying  silty 
clays  of  Zone  IB  may  be  saturated,  but  are  not  permeable  enough  to  rapidly 
transmit  water.  Twenty-three  subsurface  soil  samples  were  collected  and  sent  to  a 
fixed-base  laboratory  for  chemical  analysis. 

Ground-water  flow  direction  in  shallow  sediments  beneath  the  site  is  predominantly 
to  the  east.  Estimates  of  hydraulic  conductivity,  transmissivity  and  seepage  velocity 
were  calculated  based  on  slug  test  results  and  site-specific  hydrogeologic  data.  Four 
ground-water  samples  were  collected  and  sent  to  a  fixed-base  laboratory  for 
chemical  analysis. 
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Contamination  was  detected  in  soil  samples  collected  from  three  of  the  borings 
drilled  at  the  POL  Storage  Area.  The  most  contaminated  boring,  SB-13,  is  located 
within  the  diked  area,  just  west  of  the  railroad  spur.  It  is  adjacent  to  a  portion  of  the 
former  remediation  trench  :n  which  petroleum  hydrocarbons  are  known  to  exist  in 
remaining  soils  at  levels  above  TWC  criteria  for  clean  closure.  Another  of  these 
borings,  SB-10,  was  drilled  through  the  trench  backfill  at  tne  north  end  of  the  spur. 
The  well  installed  at  that  location  (MW-10)  yielded  the  only  ground-water  sample  in 
which  contamination  was  detected.  Gross  contamination  at  the  POL  Storage  Area  is 
not  apparent  based  on  the  results  of  the  SI.  However,  samples  collected  from  the 
walls  and  floor  of  the  former  remediation  trench  prior  to  backfilling  indicate  that 
petroleum  hydrocarbons  are  present  in  remaining  soils  and  fill  material  at 
concentrations  above  100  ppm  (TWC  criteria  for  clean  closure). 

5.2.2  Conclusions 

A  preliminary  risk  assessment  was  performed  and  concluded  that  there  did  not 
appear  to  be  any  significant  risks  to  human  health  based  on  data  generated  during 
the  SI  and  the  exposure  scenarios  considered.  However,  the  extent  of  soil 
contamination  in  the  immediate  vicinity  of  the  former  remediation  trench  should  be 
further  delineated  prior  to  reaching  a  decision  regarding  further  action  at  the  site. 
Also,  there  is  a  lack  of  ground-water  quality  and  usage  information  for  the 
uppermost  permeable  sediments  encountered  at  Ellington  Field  (ANG). 

5.2.3  Recommendations 

To  further  delineate  the  extent  of  soil  contamination  adjacent  to  the  former 
remediation  trench,  a  series  of  soil  borings  should  be  installed  along  the  western 
edge  of  the  concrete  driveway  at  the  POL  Storage  Area.  If  substantial  contamination 
exists  in  soils  at  or  near  the  top  of  ground  water,  monitoring  wells  should  be 
installed  to  determine  whether  ground-water  quality  has  been  affected  by  the 
vertical  migration  of  fuel  through  soils.  A  ground-water  well  survey  should  be 
conducted  as  part  of  the  follow  on  remedial  investigation  tasks  planned  at  the  POL 
Storage  Area. 


6.0  ACRONYMS 


ANG  -  Air  National  Guard 

BCF  -  Bioconcentration  Factor 

BHC  -  Benzene  Hexachloride 

BNA  -  Base  Neutrals/Acid  Extractables 

BTEX  -  Benzene,  Toluene,  Ethylbenzene,  and  Xylene 

CLP  -  Contract  Laboratory  Program 

DDD  -  Dichlorodiphenyldichlorothane 

DDE  -  Dichlorodiphenyldichloroethylene 

DDT  -  Dichlorodiphenyltrichloroethane 

DOE  -  Department  of  Energy 

FID  -  Flamt;  Ionization  Detector 

FIG  -  Fighter  Interceptor  Group 

HAZWRAP  -  Hazardous  Waste  Remedial  Actions  Program 

IRP  -  Installation  Restoration  Program 

JP-4  -  Jet  Petroleum  Number  4  Fuel 

MS/MSD  -  Matrix  Spike/Matrix  Spike  Duplicate 

MSL  -  Mean  Sea  Level 

NUS  -  NUS  Corporation 

PA  -  Preliminary  Assessment 

PAHs  -  Polynuclear  Aromatic  Hydrocarbons 

PID  -  Photoionization  Detector 

POL  -  Petroleum,  Oils,  and  Lubricants 

QA/QC  -  Quality  Assurance/Quality  Control 

RfD  -  Reference  Dose 

SAP  -  Sampling  and  Analysis  Plan 

SI  -  Site  Investigation 

TAL  -  Target  Analyte  List 

TCL  -  Target  Compound  List 

TPH  -  Total  Petroleum  Hydrocarbons 

TWC  -  Texas  Water  Commission 

UST  -  Underground  Storage  Tank 
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APPENDIX  A 
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□  Grata  -  Composite 


Analysis: 


Samoie  Dat 


I  Oescnction:  (5ano,  Cay,  Or/.  Moist.  Wet.  etc! 
Observations;  Not^s 


volume 


l.ua^,  t 


SAMPLE  LOG  SHEsi 


; _ Jurrace  Scii 

T?T Subsurfaea  Scii 
!_!  Sesiment 
Li  Lagoon /Pone 
Lj  Other 


Case  - 

3y^L 


Project  Site  Name  E~fhu^/u  filM  £  U  T^^^Jv^toject  Site  Number  '^i'V^A 
NUS  Sp*H*e?No.  01- SB «d A- A  [ cr 1'  FbM'A  Source Locationb^w*  T<5L 


Oentn  Samoie 


Samoie 


Comoosite  Samoie  Data 


Color  /  Descnntion 


i  ime 


Samoie  Date  &.  i  ime: 


Samoieo  5v: 


Type  or  Samoie 

GE^Low  Concentration 
G  J’iign  Concentration 
S'Grao 
G  Comoosite 
□  Grao  -  Composite 


Analysis: 

Ta  \JoL 


rm _ 


Samoie  Data 


I  Oescnpiion:  (Sana.  Cay.  Dry,  Moist.  Wet.  etc.) 

(*»,  iv  *4i(r. 


I  Observations  i  Notes 

recA',^  Jr  4  W  -rfs*  u/  A/A  •  1 

£R-r^H'A  (ft«W  clsj») 


sums 

SAMPLE  LOG  SHEEj 


; _ ^urraca  ic:i 

Subsurface  Scii 
L_!  Seciment 

' _ ;  Lacacn/?cnc 

L_i  Other 


Project  Site  Name  fcfhu/fyu  F«*U%i 
NUS  Saerca  No.n^.  SUIT'D  -7V 


C3i  f 


Case  * 

-y  tlk 


'IxAsubtJi. ^Project Site  Number 


surce  Location 


Samcie 


Comoosite  Samoie  Data 


Color  /  Descrtction 


<~C  1 


L  "B*s. 


voe  of  Samcie 

/-  *  ' 

GE"  Low  Concentration 
__  J-iign  Concentration 
i^Grao 
_  Comoosite 
CZ  Grao  -  Composite 


Anaivsis: 


m 


Samcie  Data 


I  Observations;  Nodes'*  . 

<■  Jt  ^  yjf  £\})^ 


UP 

Votum* 

*  6"  r.u-',  i  i  *i 

SAMPLE  LOG  SHES1 


urraca  icu 
uasurfsca  Scii 
!_j  Sediment 
i_j  tacoon/Pcnc 
L>  Other 


Case  = 
Hy£l 


Project  Site  .Name  EfhuXu  F«*M  5  project  Site  Number  JI~sua 

NUS  S«erc*  No.  <?(  •  A  Source  Location 


Samcte  Metnoa:$4*.’  ,  _ . 

f  r  /&** 


Deotn  Samoie 


Samoie  Date  4  Time 


Samciea  2v: 


Samoie 


Composite  Samoie  Data 


Color  /  Descnotion 


i-KoiC- A  l<W6> 


*>\ 


mfllUIBWBHB 


Samoie  Data 


Oescnctiori:  (Sano.  Cay.  Dry.  Mont.  Wet. 


Analysis: 


|  Observations  /  Notes 


T^C.  S 


lab 

volume 

i  H  *1  j*~,  •  it 

iUlLb 


NUS 


SAMPLE  LOG  SHEET 


2"  Surraca  £c:i 
Subsurface  Scii 
LJ  Sediment 
i_j  Lacoon/Ponc 
□  Other 


Case  « 


»y 


Project  Site  Name 
NUS-Sewoe  No. 


MAA I 


[*./<•> IvJi. ^Project  Site  Number 
^source  Location  £gwJ-««J  «/M 


Comoosite  Samoie  Data 


Color  /  Oescnotion 


JMUS 


SOILS 

SAMPLE  LOG  SHEET 


Zr~  Surface  Scii 
SySubsurraca  Scii 
LJ  Sediment 
LJ  Lacocn/Pcnc 
G  Other _ 


Case  =j 

3y  thK 


Project  Site  Name  tflwAsu  £  U  project  Site  Number  ffowt 


NUS  Source  No.  0(H  £S 


F]>«?.f-A  §ourcs  Location 


7*3 


Samoie  Date  &  Time: 
I  -O-Qo/ 


Signature's;: 


Type  of  Samoie 

EZ^Low  Concentration 
Q><ian  Concentration 
E^Grao 
G  Composite 
S'  Grao  -  Composite 


Anaivsis: 


Composite  Samoie  Data 


_ Color/  Description 


to 


\  \*lo 


m 


Samoie  Data 


Color  I  Oescnction:  (Sana.  Cay.  Ory.  Moist,  wet.  etc.) 

I 


Observations/ Notes 

uafcl 


MONITORING  WELL 
SAMPLE  LOG  SHEET 


NU 


G5^ Mcmtonng  Wed  Oata 
G  Qomestic  Well  Oata 
G  Other 


Page _ l_ 

Case  *  fJ 

ay  JJJK 


Project  Site  Name  Ell,  u< 
NllS  Source  No.  \MlJ  ‘A 


BDRBw!I&)R9Hhb 


K«M  <Cr _ Project  Site  Numeer  Ch _ 

_ Source  Location  T&xe 


Puroe  Oata 


Volume  I  pH  I  S.C.  I  Temo.  (aaiT>fl  Color  &  Turbidity 


I  Lie  I  \1*o  I  \&Q  177.1 


lie.  ( 


One  Casino  Volume: 


Start  Puroe  (hrs.):  4  i  C 


E 


’otai  Puroe  Timetmin.): 


'otai  Amount  Puroeo  loai.):  :2rf~lll 


Samoie  Method: 


imsnmsm 

lEfM MU  1-fcffWI 

IIKflZaMHi 


i-ir 


Observations  /  Notes: 


Samoie  Oata 


Temo.  (“O  I'M  Color  &  Turbiaitv 


n.  ■)  c 


.  ryji*  of  Sample 

£3  Low  Concentration 
GJHigh  Concentration 
CT  Grab 
□  Composite 
G  Crab  -  Composite 


wfcS  c4b*-l*d  ecffc-  Tt/wV*>] 

(a.  £/((*  <  p*'*"  .  *  ' 


Analysis: 


Preservative 


Q  ream  < 


'norqar>i< 


MONITORING  WELL 
SAMPLE  LOG  SHEET 


MU! 


=ATCN 


^Monitcnng  Weil  Qiu 
Q  Oomevtic  Weil  Oata 
G  Other 


Page 
Cate  • 


Project  Site  Name  £(f*uak,. 
NUS  Source  No.  \M\jJ~DC. 


-  ay  ■ 

F 'tiJ  S  t _ Project  Site  Number  CA 

_ Source  Location  T3*o» 


IMUS 


=A-m\i 


MONITORING  WELL 
SAMPLE  LOG  SHEET 

G^Mcmtonng  Well  Oata 
G  Oomesuc  Well  Oata 
G  Other 


_ zi 

Case  0  fj4 
8y  fJV S  /g. 


Project  Site  Name  cll‘.u,W  f 
NUS  Source  No.  l/tyW*z>ni 

Total  Well  Oeotn:  \_C.o? 

Weit  Casing  Size  &  Oeotn: 

4W(  y  wtfli  u\ 

Static  Water  Levei:  il.#1  ^1 

One  Casino  Volume:  & 

Start  Puree  (hra.h  * 

Snd  Puroe  (hrs.):  lSCP _ 

Total  Purge  Time  (min.):  SY' 
Total  Amount  Purcea  iaai.):  ~Z."1 
Monitor  Reaomg: 

dvD  e,  M_o  _ 

Puree  Methoq:  SS  7a.  le*' 
Sample  Method:^  ~~~ 

Oeotn  Samoied:7y>  0V  U/k&~ 
Samqie  Date  &  Timi: 

jj _ iia _ 

Samoieo  8y: 

1).  U-rf'Ltav*^ 

Sig»*tiirets]fc/i 


nooa.t£ 

A-‘ 


"type  of  Sample 

(if -OW  Concentration 
G  Htgn  Concentration 

SLGrao 
\  Comoosite 
C  Grab  •  Composite 


Analysis: 

TCi  \)6h< 


Preservative 

5  CL  I 


_____ Pro ject Site Numoer 
Source  Location  l$cc t  FI 


Volume 

( 


ort 

ty.bo 

l.-V{ 


Puroe  Data 
S.C  I  Temo.  (aC1 
I  TLC 
I  TS.0 


Color  &  TuroiditT' 

2i 3 _ 

ILL 


pH  I 

n.oc 


S.C. 


Sample  Qata 
Temo.  (“O  1 )0\ 


7f-i" 


2W\Cl 


Color  A  Turoioitv 
«*»',  v.  r  |:«UL  Ul/1 


I  Observations  /  Notes: 


U<$  Cfi (Lcf*A  CV**^ 

-f*r  £*wy(>- 


Q/qjott 


'"onjinit 


traffic  r*oo*s  » 
rjq  0 


1 

At  0 

TO - 

t£L 

(-  f  llM<  C 

Oate  Sfttooee 

Time  Siweeee 

WA  ... 

1 

1 

ue 

fA/f 

1 

1 

vaunt* 

X  Up  wJ  y/ltlt. 

J  *.!» 

i  i; 

s 


M«li I 


c c  UuA 


I  I'll  I  III  1 1 II 

m  HM- \uim  TTTTTxmfmaMvrmrrwmrn 

EHEuIfllfl^KEBHHHuSMEfflox 


Puroe  Oata 


Volume  I  oH  I  S.C.  I  Temp.  (8OI  l>£  Color  &  Turbidity 


I  I \6b  I  ~2?.r  Hl.8 


Id?  I  1 6SU  I  it.t/ 


One  Casino  Volume:  & 


Start  Purae (hrs.):  <aT.6  **£m 


End  Purae  (hrs.):  !Olf 


Total  Purae  Time  (mm.):  < 


Total  Amount  Puroeo  (aal.):  7 


Monitor  Reading: 

fjQ  O .  M  0 


SamoleMetftod:&£  Ul 


1*1, .Mf  l.MJ  1-^— ■ 

DfimmHHii] 


Samote  Oata 


Temp.  t°C  VO 


Color  &  Turbidity 


L*fc 


ype  of  Sample 

GT^ow  Concentration 
QHigh  Concentration 
GTGrab 
Q  Composite 
G  Grab  •  Composite 


£'7.  i^r-o 


7>.  ti  0.7  Uvl 


Observauons  /  Notes: 

Kafc j  C4U'P<J  a 

*w*V  fa  $4i*rpU  <^(Uc-f»eu!  *  ! 


Analysis: 


Preservative 


Qrqaruc 


'narqacK 


traffic  *«eort  » 


OateSlueoee 


Time  Vihbw 


V. 


MU! 


MONITORING  WELL 
SAMPLE  LOG  SHEET 


d  Monitoring  Well  Data 
G  Oomestic  Well  Oata 
G  Other 


?3<je( _ Zf  I 


Case  0 


3yM  C^s 


Project  Site  Name  EjfUu* 
NUS  Source  No. 


PM  il 


Well  Casing  Silt  &  Depin: 

l'\  ur^dl ySL ill  ' 


Static  Water  Levei:  ~Ll.gr" 


One  Casino  Volume:  4-04  r.*T 


Start  Puroe  (hrs.l:  iCif 


End  Purge  (hrs.):  I b&0 


Total  Amount  Puraeo  (aai.):  1ST 


Monitor  Reaatng: 

*>0  O ,  <?WV  0 


Purae  Methoa:  5$ 


Samoie  Method: 


Volume 


_ Project  Site  Number  Ch 

Source  Location  p*^****. 


Puroe  Oata 


S.C.  i  Temo.  (aOI  Dd  Color  A  Turh.rt.tv. 


.  l?T  o _ 

o  I  Z'.l  hH4 


Samoie  Oata 


Temo.  (°Q  'bO  I  Color  &  Turbiditv 


Qbservations/  Notes: 


Type  of  Sample 

G  '-ov#  Concentration 
Q^High  Concentration 
GT  Grab 

□  Composite 

□  Grab  •  Composite 


t(+k  (XtW  <*(W  Oh,^.( 

^ >0^  g* (L-civv-*  * 


Anaiy^n; 


TCC  ?« 


Orqjnic 


orqjnK 


— mam 

wummmm 

msmmmram 


i  oral  Wed  Oeotn 


Weil  Casing  Size  &  Oeotn 


Static  Water  Level : 


One  Casma  Volume:  1 


Start  Purae  (hrs.S:  /S'Hf'  tt 


nd  Purae (hn.): 


Total  Purae  Timelrnin.): 


Total  Amount  Puroeo  (aai.l: 


Monitor  f^aaing 


Puree  Methoa: 


Samoie  Method:  S.£ 


Deotn  Sarneled:T* 


Volume  i  oH 


\LAo 


Purae  Oata 


OH  I  S.C.  ITemo.  (°CI 


LAo  I  P'Q  l  T 


(,-il  I  nffb  I  ??, 


Color  &  Turbiditv 


tm.\m  fffitfff  !■■■—— 


Samoie  Oata 


Temo.  t°C  1 


Color  &  Turbiditv 


Samoieo  By: 


r?rd 


7"?.  £  n.J  U 


Signature!?): 


Type  of  Sample 

czf  Low  Concentration 
C^Hign  Concentration 
C2  Grab 
G  Composite 
G  Grab  •  Composite 


Observations  /  Nates: 


/(*K  ’w*  c*~ 

jhs,  5 


Analysis: 


Preservative 


CL 


OrqjnK 


norqani  < 


I  Tralfi*  **oort  • 


V. 


INIUS 


MONITORING  WELL 
SAMPLE  LOG  SHEET 

Monitoring  Well  Data 
G  Domestic  Well  Data 
G  Other  _ 


Case  * 


i_~  J. 
JA 


By  MU 


Project  Site  Name  £  (tix’-eu  ^ 

NUS  Source  No.  WW  <?V 

“*>=>  Tr - 


'otal  Well  Oeoth:  ~\JL-Atr 


Well  Casing  Size  &  Oeotn: 

l"  sA  fd  t?Z 


Static  Water  Level: 


On#  Casino  Volume:  \  i 


Start  Purae  (hrs.):  ID  7#  * 


End  Purae  (hrs.):  llTS" 


’atai  Purae  Timelmtn.): 


Total  Amount  Puraec  foal.):  20 


Monitor  Reaomq: 

WeU  o  .  O'! A  2c 


Purae  Method:  $. 


Samoie  Method:  '* 


Project  Site  Number  Ch 

Source  Location  ‘fVL 


Volume 


OH 


.16 


i.or 


Puroe  Data 


S.C.  I  Temo.  (8C}l1>^  Color  &  Turbidity 


/***,  I  I 


essejssxbssshiv 

IRSKnKEQHHB 


Samoie  Data 


Temo.  (°0  I 


Color  &  Turoiditv 


~7,CO  \\*0  ZV.'I  7*'*' li/l ,  If. 


Observations/ Notes:  . 

f*  pm,pOL  £ci(Urfu* 


.  Uype  of  Sample 

czf  Low  Concentration 
Q  High  Concentration 
GGrab 
□  Comoosite 
G  Grab  *  Composite 


Anjiy^iv 


Preservative 


O'qanic 


norqant 


I  I 


NUE 


J=PCF=ATa\l 


MONITORING  WELL 
SAMPLE  LOG  SHEET 

(^Monitoring  Well  Data 
G  Oomestic  Well  Data 
G  Other 


Page  1 
Case  •  fJ 4 


Project  Site  Name  bui(\  ST 

NUS  Source  No. 

"""TEDT 


By  Pus  Ca* 

Project  Site  Number  Ck 


_ 2SZ2 

Total  Well  □eotn**>£4v43-  [»T6C 


Source  Location  Tz>L  $*{ 


A«*i 


Puroe  Data 


Weil  Casing  Size  &  Deotn:  . 

7*'.  u-V  i^<(l  (9 


Static  Water  Levei:  i*"?.aS^ 


One  Casino  Volume 


Start  Puree  (hrs.l: 


End  Puroe  (hn.):  I s" 


Total  Purge  Time  imtn  ):  l«ir 


Volume  I  oH 


l 


I 


S.C  I  T#ino.  <°Oi^  Color  &  TuTSidit^ 

fa*  i 


ItCQ  t  7T7 


n.i 

TTT 


Total  Amount  Puroeo  (aal.l:  ~?( 


Monitor  fleaom 

0\lh  MT 


J£ii 


Puree  Method:  $$ 


Sample  Method:^-  tsa'.IZ* 


vn; 

33 


Sample  Oate  &  Time1: 

\  hi  {*0  \e>i< 

Sample  Data  j 

oH  ■  S.C  1  Temp.  i°Cl  Color  &  Turbiditv 

Samoied  3y: 

P*  liirfLcayevC  L.*TElc<<  t  o 

it*/ 

Hfer-  l  tTo 

n.3 

Qac,*' 

SiqmjLairetn: 

Observations/ Notes: 

type  of  Sample 

CTlaw  Concentration 

Q  Hign  Concentration 

Gf"  Grab 

G  Composite 
□  Grab  •  Composite 

\ 

mM*-  uv* 

j{AiuW(£  £ 

*U1  ;  A*Al*f:**J  ,U 

Analysis:  1  Preservative 

Orqjroc 

*orq*f*i< 

T CL  l//As  lie! 

trallic  »*oan  0 

^A 

^A 

1£a  TTt/Aj  1 

Taq  0 

T?I+  l 

l 

A*  0 

m 

_ 

1 

Oate  ShtoeM 

_ 

l 

Time  Sftieeee 

ma 

A _ 

l 

tae 

fjJS 

l 

l 

veiuflt* 

1  H®  <n»l  v.*|f 

1  A  aU 

r'A 

i 

NLSS 


MONITORING  WELL 
SAMPLE  LOG  SHEET 

(^Mcmtanng  Weil  Oata 
Cl  Oomestic  Weil  Data 
G  Other 


|  s; 

Case  •  fJA 
3y  1^0$  C '*> 


Project  Site  Name  fr/.'uAn,  RfM  Cl 
NUS  Source  No.  iMl*^'  ( d 


_ Project  Site  Number  3  k*?  I**  £?/ 

Source  Location  £{**><<»  A«r«& 


Total  Weil  Oeotn:  LT^C 

Weil  Casing  Siae  &  Oeptn.V'' 

i1’,  uM\  iZfrTJ.s' 

Static  Water  Levei:  LT#C 

One  Casing  Volume:  WrTt  1>6a1  S 
Start  Purge  (hn.):  1*^3^  't-Tyz 

Sno  Puroe (hn.):  _ 

Total  Puree  Timet  mm.):  p.t£ _ 

Total  Amount  Puraeo  (aai.):  33 
Monitor  fleecing: 

thJQ  0 ]  flvA  T\  _ 

Pure#  Methoq:  fS 
Sample  Method:  11 

Oeotn  Sampled :T#s>  Ut-^ 

Sample  Oate  &  Timel: 

((77  fa<?  iwr _ 

1  Samoied  By: 

UL,  l/Vfussv/^  (  L  '<0 

1  ype  of  Sample 

(Zf  Low  Concentration 
G^ign  Concentration 
G2  Grab 
Q  Composite 
G  Grab  *  Composite 


Volume 


Analysis: 
fee  VM 
ICC  T?f>/ 


Preservative 

Ifci 


Purge  Oata 

S.C.  I  Temp.  (aOlt)^  Color  A  Turbidity 


i~ZS7> 

Rio 


g£X 

?r.£ 


OH 

1  S.C  1 

7.1 1 

1 Z40 

Observations  /  Nates: 

&*»j 

>U. 

Ovi 

<5.V^ 

Sample  Oata 
Temp,  («q  Wl 

-Zt-Z 


I  Color  A  Turpioitv 


'p'-’  V>  SA'V|*(»U^ 


Orqjmc 


nQfqjnK 


I  <#oort  # 

_j  taq  e 

U«  * 

I  Oate  Shipova 
j  Tim*  Sfttmee 


voiu/n* 


l  *»(  via(», 
7  4*1  * 


WELL  COMPLETION  FORMS 


R-48-05-0-016H 


FIELD  WELL  COMPLETION  FORM 

Fit H  «  ’  Y7U  K  li  C {* 


'|P»OJ«CT  |  ,  jJ 

i _ ***"*a*,!  v-<te 


LOOCIOV  „  I 

•T: _ (W*  I 

“«*  •  d  I 


COITCO 


OAT*; 


ORILLlNa 

COMMNn 


l*c»« _ 

aT±l£  INCH  HOLLOW  STEM  AUGER 
Q _  INCH  ROTARY  WASH 


gallons  of  watir 

UUO  OUNINO  ONILUNAi  .A*  VH 

FNIOR  TO  ORIUlNai  g6i*i  0 

DEVELOPMENT  &«,  ^g|( 

mctmoo  or 

3CVCLOPMCNT 

QCVELOPMKNT 

IKOAN  OAT*!  TtMC: 

^»«LO;  I  TIMSt 

_ GPM  FROM _ TO _ 

riKLOl  TIMtt 

_ GEM  FROM _ TO _ 

Vl*ua*  TlMCt 


ORILLCIU 

GSR  "Z. 

GALLONS _ 

‘***'‘1 4 

ia"  4  F>  \rw\ 


GPM  1 

FROM 

TO 

GPM  1 

▼IMIi 

FROM 

TO 

CM*  | 

TlMCi 

FROM 

TO 

^1 

TtMCi 

FROM 

TO 

OURIN4  OKVCLOPMtNT 


OflCRlPTION 

or  TumioiTr 

AT  (NO  or 
OCVCLOPMINTi 


ooon  or 

WATIRt 

NATfN 

OlfCMAROCO 

TOj 


□CLEAR 
□  moo.  TURBID 


GALLONS _ 

□  SLIGHTLY  CLOUDY 

□  VERY  MUOOY 


□  GROUND  SURFACE  □  TANK  TRUCK 

□STORM  SEWERS  □STORAGE  TANK 

□  QRUMS _ □  OTHER 


OCPTM  TO  NATIR 
APTIR  OCVCLOPMINTi 

MATERIALS  USED 


_!!£_ 
2JL 
So_ 
12.Z 
i  o 


SACKS  Of 

sacks  op  I  tyi>  <• 


.  SANO 
.CEMENT 


GALLONS  OP  GROUT  USED 
^Bsdcs  OP  POWOCREO  BENTONITE 
POUNOS  OF  BENTONITE  PELLETS 
FEET  0P_3L  INCH  PVC  BLANK  Cl 
F8ITOF  T  llim  lu*  «i  nwtn 


INCH  PVC  BLANK  CASING 
INCH  PVC  SLOTTED  SCREEN 


□  CHRISTY  BOX 
(ZTlOCXING  STEEL  COVER 


_ INCH  DIAMETER 

STEEL  CONDUCTOR 
CASING 


_ iNCH  OIAMETER 

BOREHOLE 


BENTONITE  CEMENT 
SEAL  OR 

8 -SACK  CEMENT-SANO 
SEAL 


TOP  OF  CASING  AT 
■I-LfEET|<BOVE>at 
BELOW  GROuKTSlEVEL 

—  <?-2£“iNCM  OIAMETER 
BOREHOLE 

_2_:»  2L£»«t 

—  ~2  inch  OIAMETER 
SCHEDULE  «0  PVC 
BLANK  CASINO 

XjL  tO^JjL'wt 

3'6ENT0NITE  CEMENT 
SEAL  OR 

Q  8  SACK  CEMENTS  AND 
SEAL 


BENTONITE  PELLET 
SEAL 

•.oli2L_,e*t  . 
2olH0«~AtlL 


SANO  PACK 

L?  tA  7.^ Xlm 

~Z  '  NCH  01 AME  TER 

SLOT-ED  '  *10 
SCREEN 

•n*7.4  ■... 


•  L  INCH  OIAMETER 
SCHEDULE  40PVC 
BLANK  SILT  TRAP 

•ik.to2lX  IM, 

•  BOTTOM  WELL  CAP 

‘7*1  ittt 

■  HOLE  CLEANED  OUT  TO 


BOTTOM  OP  BOREHOLE 
Z^S  Iwt 


Eh  YARO^  CEMENT-SANO  IRCOI-MIXI  OROERED 

yapiE^  CEMENT-SANO  IREOI-MIXI  USED 

CONCRETE  PUMPER  USS07  0^0  QYES 

NAME  M  _ 

WELL  COVER  USSO.  BLOCKING  STEEL  COVER 
□  CHRISTY  SOX 


NOT  TO  SCALE 

AOOITIONAL  INFORMATION: 


FIELD  WELL  COMPLETION  FORM 


Fill  MR  ■ 

v?u  Kt!*l  *>' 

NtOJICT  , 

A  Ck&itUc, 

W  lU 

ioitco 

IT? 

~ia~2J — “ f 

MI*Jm  07  ^ 

OATC: 

amtuxa  a 

eorrr  C*>t 

{z>u* 

,  La. 

INCH  HOLLOW  STEM  AUGER 
Q  ___  INCH  ROTARY  WASH 


mouse*  _ 

ORlLLfOi  4*  O 


C*LLOfllOPW4TtR  . 

USCO  OURIN9  OfflkUNAi  Q 


GALLONS 


»WIO»  TO  ORILUR«< 

TI°Vi 

/■*! 

iJ 

a 

DEVELOPMENT 

S«4 

dell 

1  d’WMjlAi 

h'< 

yitnoo  or 

CKVCLOPtllNY 

V 

3IVILOP««NT 
■  CO  AM  OATC: 

riMCt 

r’KUO:  |  TIM.i 

GRM  1  FROM 

TO 

j  OATC: 

YlCLOi 

GEM  1 

1  TtMCl 

(from 

TO 

jOATC: 

f«tLO. 

GEM 

TtMCl 

FROM 

TO 

j  OATC: 

▼tCkOs  | 

GEM  1 

TlMCt 

FROM 

TO 

jOATC: 

TOTAL.  *ATC»  PCMOVCO 
◦  UStlMO  OCVKLOPMCNTr 


GALLONS 


OCSCItirTfOM 
or  TUMIOITY 
AT  (NO  or 
OfV(LOPMIttT) 


□clear 
□  moo.  TURBIO 


□  SLIGHTLY  CLOUOY 

□  VERY  MUOOY 


a 00 at  or 
N  NTINi 


o««c 

-O: 


□  ground  SURFACE 
□storm  sewers 

□  ORUMS 


□  TANK  TRUCK 

□  storage  tank 

□  QTH  er _ 


3CPT**  TO  «AT(N 
APTIi  OCVILOPMfNTl 


MET 


MATERIALS  USED 


SACKS  OF  '2.®^  E’'*/*. 

• 

SANO 

3 

»  Tip  T 

££  UCPUT 

_  GALLONS  OR  GROUT  USED 

t»s 

-  S*flM»OR  ROWOEREO  ICNTONITE 

r<£> 

_  FOUNDS  OF  BENTONITE  PELLETS 

10 

_  FEET  OR_i_INCN  RVC  BLANK  CASING 

U> 

_  FEET  OR  __INCH  RVC  SLOTTED  SCREEN 

YARO3  CEMENT -SANO  (RCOI-MIXI  OROERCO 
CEMENT.SANO  (REOI-MIXI  USED 


CONCRETE  RUMRBR  USED? 
NAME 


□  YES 


UtoCXINO  STEEL  COVER 
□CHRISTY  EOX 


WELL  COVER  USED: 


NUS 


ATCN 


FIELD  WELL  COMPLETION  FORM 


fi! 

Lh< 

4?u 

h‘t(^  d-c  ivw-FcrJtsArn^u 

FMJICT  . 

k  <&Jti 

[tf-G 

LOBBIOV  .  I  1  1 

,T:  (is 

|  CD  IT  CO 

1 

T 

"*“«>  M.I/J  •  c>$  ^ 

V 

lOATf:  _ 

1  n-m-8^ 

OHILUHO 

COMFENTt 

C a*  it* 

<i ,  I»<  • _ 

■  —  -  LCCXI 


COUIFMCNT 


:izrii£  INCH  HOLLOW  STEM  AUGER 
□  _____  INCH  ROTARY  WASH 


noun  _  _ 

OAU.I.BO:  ^ 


□  CHRISTY  SOX 

□  LOCKING  STEEL  COVER 


siueMor<.«rM  _ 

USKO  DUPINO  OIIILUN«i  7j 


GALLONS 


vw 


a 


aevELOPMEHT  iVall  Wm* 

HiTHOo  or  V 

SIVILOFMENT 

3CVCLOPMCNT 

■  IVAN  OATIt  TIME; 


»'«CO. 

GFM  i 

riMCi 

FROM 

TO 

OATS: 

T'KkOi 

GFM  1 

ITIMCi 

Ifrom 

TO 

|  OATCi 

▼IKUOe 

GFM 

Time* 

FROM 

TO 

OATS* 

▼•CIO* 

GFM 

TIMS* 

FROM 

TO 

|OATB> 

TOTAL.  WATCH  HCMOVCO 
OURINQ  OCVCLOPMINTr 


GALLONS 


tirTTOW 
Or  TUHCIOITT 
at  (no  or 
OCVCLOPMfNTi 


□CLEAR 

□moo.  turbio 


□  slightly  cloudy 

□  very  muooy 


ooopi  or 

NATIHi 


NATCH 

3I1CH  A  I 

•O: 


□grouno  surface 
□storm  sewers 


□  TANK  TRUCK 

□  storage  tank 


□  ORUMS 

□  othfr 

3CPTM  TO  «*T(R 

AFTCH  OCVlbOPMIHTt 

FEET 

r  «  ^ 

MATERIALS  USED 

sacks  or  ~L o(^a  c 

Wika.  i  ca 

• 

X  SACKS  OF  Inf* 

1 

—CEMENT 

.INCH  OIAMCTER 
STEEL  CONDUCTOR 
CASING 


INCH  OIAMETER 
SORE HOLE 

m 

i  BENTONITE  CEMENT 

seal  or 

!  B  SACK  CEMENT-SANO 
SEAL 

_____  to 


TOR  OF  CASING  AT 

L2  Fitr^CSoyk  *T 

BELOW  GRODlSCl LEVEL 

inch  diameter 
borehole  . 

JL-  INCH  OIAMETER 
SCHEDULE  40 FVC 
BLANK  CASING 


a-t 


Tic 


SjL 


,  GALLONS  OR  GROUT  USED 

U*$ 

SACKS  OF  FOWOERCO  BENTONITE 


POUNOS  OF  BENTONITE  FELLETS 
j£lr  FEET  OF  ■  Jl.  INCH  FVC  BLANK  CASING 


Jl£_ 


CONCRETE 
NAME 


FEET  OF. 


'2T6ENTONITE-CEMENT 
SEAL  OR 

□  S  SACK  CEMENT-SANO 
SEAL  ,  , 

J2—  •"  *L  ^  I  nr 


BENTONITE  FELLET 
SEA^ 

LiLj:=UL-t'l  . 

zo/i/3  s.l-a 

i  I -WM«S_  - . 

5AN0PACK. 

1  ’ NCH  Ol  AME  TER 

jLOT'ED  :  lLl0 
'*">  SCREEN 

INCH  OIAMETER 
SCHEDULE  40 FVC 
BLANK  SILT  TRAF__ 

■aicil-fiSrTnV 


BOTTOM  WELL  CAF 

jLL^ir 

HOLE  CLEANED  OUT  TO 


.INCH  FVC  SLOTTEO  SCREEN 


BOTTOM  OF  BOREHOLE 

iLle« 


YARD3  CEMENT-SANO  IREOI-MIXI  OROEREO 
yjftSy CEMENT-SANO  IREOI-MIXI  USED 
RUSSO?  SfNO 


NOT  TO  SCALE 

ADDITIONAL  INFORMATION:  . 


ETEFUMFC 

Jk— 


□  YES 


WELL  COVER  USED:  SHOCKING  STEEL  COVER 

TNMM.HHm.MUI_ - 


isius 


jmnpiauro4 

FIELO  WELL  COMPLETION  FORM 

-  F 'I  , tl  J  it— 

s’-....  l^anr~K  Tu. 


LOQQlQl 
•  ▼t  i 


WELL 

MAMIl 


]A*-d  I, 
lU-0‘1 


I  coiTca 

•TJ 


OAT«: 


QPILUNa  /) 

company?  f 
-  T-  Wi 

COUIPMCNT: 


Pi/*  [  0*  «  1 


EQUIPMENT  J  >i  ONU-UNi. 

gf  4>_  :nch  hollow  stem  augch  -z.  . 

□ _  INCH  ROTAHY  wash  S25l!t.AOi  1  .  S* 

- — — - — **u - - — 

u %go  oZm?*+am i*  jj »• ■  _ GALLONS 

ANIO»° TO° DNlLUNMi  ZTii 

DEVELOPMENT  <g«.  jJell  ^  ^ 


GALLONS 
[  ««!*.<*  A 


3CVtLOPMgNT 


OCVCLOPNCNT 


^«LO. 

I  TIMli 

OATS; 

GPM  (FROM 

TO 

riffUOi 

y  tcToT 

nSSi 


GFM  If ROM 
~  rt5I 
CRM  FROM 
|  T1MI« 
GFM  {FROM 


TOTAL  WATER  NCMOVIO 
OURINO  OIVCLOPMCNT' 


OtfCRirPIOM 
or  TUItOlOlfT 
at  (no  or 

OCVlLOPMCNTi 


Q  CLEAR 
□  moo.  TURBIO 


GALLONS 

□  SLIGHTLY  CLOUDY 

□  VERY  MUOOY 


«*Tf» 

9IICH1I 

r  o> 


□  GROUNO  SURFACE  Q  TANK  TRUCK 
□STORM  SEWERS  □  STORAGE  TANK 


□  DRUMS 


□  other. 


3CPTM  TO  WATCH 
APTIR  OtvELOPMEMTi 

MATERIALS  USED 

l£  SACKS  OF  . 

_ 1 _  SACKS  OF  . 


±7T 


Si 

L 


.SAND 

.CEMENT 


GALLONS  OF  GROUT  USCO 
L*S- 

RACKS  OF  FOWOCRiO  SCNTONITE 


: _  POUNDS  OF  BENTONITE  PELLETS 

lUii  FEET  OF _3_  INCH  FVC  BLANK  I 


FEBT  OF . 


INCH  FVC  BLANK  CASING 
INCH  FVC  SLOTTED  SCREEN 


□  CHRISTY  BOX 

□  LOCKING  STEEL  COVER 


_ INCH  oiamster 

STEEL  CONOUCTOR 
CASING 


_ INCH  DIAMETER 

BOREHOLE 


G  9ENTONITE  CEMENT 

seal  or 

G  3  SACK  CEMENT-SANO 
SEAL 


TOF  OF  CASING  AT 
ULpeet^bove^at 
BELOW  CROOKO  LEVEL 

-  NCM  DIAMETER 

BOREHOLE 

JL-.zZk-  I" 


H  INCH  OIAMETER 
SCHEDULE  40 FVC 
8 LANK  CASING 

iS-wilS-M. 

^BENTONITE  CEMENT 
SEAL  OR 

•  s  SACK  CEMENT-SANO 
SEAL  «  >c  O 

■  BENTONITE  PELLET 

seal 
%  :o 

'za/'tt  gvu/e  s.llc 


SANOPACK  | 

*  1  0  -a  !.««  I 
.  "Z  1 NCH  OIAMETER 

SLOTTED  ?  'tt-l  O 
»-*»*  SCRccN  i 

li^L  •"  ~~*** 

■  INCH  OIAMETER 
SCHEDULE  40  FVC 
BLANK  SILT  TRAP 

-2Lio-2![£i», 

■  90TT0M  WELL  CAP 

iir f.« 

■  hole  cleaneo  out  to 


90TT0M  OF  BOREHOLE 
-•tr  la. 


_  YAR  y '  CEMENT-SANO  (R(OI-MIX)  OROEREO 

j[  -  *ARO*  CEMENT-SANO  (RiOI-MIXl  USED 
CONCRETE  PUMFfR  USI07  ^NO  QYBS 
NAME  ^  _ 

WELL  COVER  USEO:  QfiOCXINO  STEEL  COVER 
□  CHRISTY  BOX 


NOT  TO  SCALE 
AOOITIONAL  INFORMATION: 


iNUS 


.TOM 


FIELD  WELL  COMPLETION  FORM 


c" ill  HA  T»U  f:tl  A  C‘l 

flwl 

(OITCO  J 

•Tt 

II 

jOATC:  , 

UZ-*?l  •  M 

oriLuna  /)  \  /*  * 

CO— -r, 

*i  *  • - 

(OUIMIIIT: 


e*kkONi  or  »>rm 
usco  auiiwa  omuiM 


gf H-lT  INCH  HOLLOW  STEM  AUGER 
n  INCH  BOTANY  WASH 


NOUNS 

OMICLCO: 


unt 


□  CHRISTY  BOX 

G  LOCKING  STEEL  COVER 

— _ .NCH  OIAMETER 

STEEL  CONDUCTOR 
CASING 


_ INCH  OIAMETER 

BOREHOLE 


.10. 


.to 


BENTONITE  CEMENT 
SEAL  OR 

!  3  SACK  CEMENTCANO 
SEAL 


gallons 


•  *0  m 


.!«•* 


oevelopment  <<c  jJeli  WclaWi 


\r\A* 


**ctmoo  or 

3KVKLOFMII 


3(Vf LOFMINT 
•  OATS: 


|  TlMCl 

GFM  1  FROM 

TO 

OATC; 

nCLOi 

GFM 

1  ▼Man 

I  FROM 

TO 

jOATC: 

viCUJi 

GFM 

rtMCi 

FROM 

1 

TO 

OATS: 

r  •ttOi 

GFM 

|  rtM«i 

Ifrom 

TO 

|OAT«t 

TOTAL  rATM  NCMOVCO 
ouniNa  OCVCLOPMCNT! 


gallons 


ocscm  moN 
or  ruftsioirr 
AT  (NO  or 
OCVlLONEINTt 


Qcuar 

CJmoo*tu«sio 


□slightly  cloudy 

□  VERY  MUOOV 


ooo«»  or 
NATMi 


3 


«At(|» 

OUCMANOIO 

T  O : 


dOROUNO  SURFACE 

□storm  sewers 

□  ORUMS 


□  TANK  TRUCK 

□  STORAGE  TANK 

□  other 


3«rr»  ro  watch 

«m»  OIVC LOHtlNTr 


FEET 


MATERIALS  USED 


SACKS 
SACKS  OF 


?7« 


.SANO 

.CEMENT 


IS 


.  GALLONS  OF  GROUT  USED 

L&S 

earns  of  fowoerco  bentonite 


TO 


POUNDS  OF  BENTONITE  FELLETS 
FEET  OF.  X.  INCH  FVC  BLANK  CASING 
..LP  FEET  OF  _^_INCH  FVC  SLOTTED  SCREEN 


i  _ 

i 

i 

-w* 

i| 

* 

i 

m:  I  lLTTo 


TOF  OF  CASINJLAI 

t_2.  FEET4CbO\^t 

BELOW  GROOWD  LEVEL 

i.  ~?f~NCH  OIAMETER 
BOREHOLE 

J2—  :3  ^.CL.  i  ft 

^  INCH  OIAMETER 
SCHEDULE  40  FVC 
BLANK  CASING 

&  rn  LlA  ’ft 

^entoniteceuent 

SEAL  OR 

S  SACK  CEMENTS  AND 

seal 

o  ■oiLdC.fnr 

BENTONITE  FELLET 
SEAL 

iLi.  -.3  ftfcOtt t 
SANO  PA« 


Jill 
NCH  OIAMETER 


SLOT-ED  _ 

n*> SCREEN 

a  r  Ml 

•  INCH  OIAMETER 
SCHEOULE  40  FVC 
BLANK  SILT  TRAP 

?L£to2fLi", 

BOTTOM  WELL  CAP 

•  HOLE  CLEANEO  OUT  TO 


JL 


YARD3  CEMENTRANO  (RCOl-MIXI  OROEREO 

drM 

-fSmtr  cement-sand  ireoiahxi  used 
GTno 


IS 

NOT  TO  SCALE 
AOOITIONAL  INFORMATION: 


BOTTOM  of  borehole 


BOTTO 

l<Lu 


CONCRETE  FUMFfR  USED? 
NAME 


□  YES 


WELL  COVER  USEO:  GlOCXINQ  STEEL  COVER 


NUS 


FIELD  WELL  COMPLETION  FORM 


»"-«■  F id 


iom 

MUMHIft 


LPO«CO> 

•  T:  r 


wCLL 

NAMCi  ■ 


ORILUNO 

COMPANY 


COUIPMCNT:  .  f  wt  j - i  \1 

EJ  INCH  hollow  stem  auger 

□ _  INCH  ROTARY  WASH 

GAUOPfOPWATCR 
USKO  OUWIW4  OPILUW.  $ 

DEVELOPMENT 


k«4?u  ‘RaI/tI  C“f* 

rfU  gSSS-.L>J> 

iA  !?T-.  —  .  t 


9U*  (gglj 


INCH  ROTARY  WASH 


syjL\o:i,r 

GALLONS 


g**.^  A 

awcr&f^  S^A 


-ACT MOO  OF 
3CVCLOPM«NT: 


OCVCLOPCCNT 


^fKLO;  TlMCi 

_ GRM  FROM 

TIC1.0*  f  TIMKl 

on*  If  ROM 
lrm*« 
GRM  EROM 
ncuii  |r«M«» 

CRM  I  FROM 

TOTAL  WATCH  PCMOVCO 


oncHimow 
OF  TUHilOITT 
AT  (NO  or 
QCVfLOPMCNT: 


oooh  or 

WATIHi 

NATCH 

OlfCMAHQCO 

TO: 


□CLEAR 
□  moo.  tursio 


GALLONS _ 

□  SLIGHTLY  CLOUOY 

□  VERY  MUOOY 


□grouno  surface  Qtank  TRUCK 
□storm  SEWERS  0 STORAGE  TANK 


□  ORUMS 


airrH  ro  •»r«» 

«>TM  PCVltaWWIITl 

MATERIALS  USED 


2.  SACKS  OK  0 

_  _  SACKS  OK  _ _ 


O  OTHER 


i/*  r.l.< 


SACKS  OK 

GALLONS  OK  GROUT  USED 

_ SACKS  OK  KOWOiRCO  BENTONITE 

POUNOS  OK  BENTONITE  PELLETS 

JLJjS.  feet  okL2£. inch  rvc  blank  casing 

2«>  FEET  OK  i^£lNCHPVC  SLOTTED  SCREEN 


.CEMENT 


□  CHRISTY  BOX 
O  LOCKING  STEEL  COVER 


_ inch  oiameter 

STEEL  CONDUCTOR 
CASING 


___1NCH  OIAMETER 
BOREHOLE 


LO  BENTONITE  CEMENT 
SEAL  or 

d  a  sack  cementsano 
seal 


TOP  OF  CASINO  AT 

US.  f  e  et  Above*  a ->• 
BELOW  GROuNOI LEVEL 

—  7;2£iHCH  OIAMETER 
BOREHOLE 

—  1-^*  INCH  OIAMETER 
SCHEDULE  40 KVC 
BLANK  CASING 

L3.fi2L'~t 

□  SENTONITE-CEMENT 

SfAL  OR 

•5<tAeN0EMINT  GAMCL 

SEAL  %MfT«|t4t  "SACfft 

-Q-.0-321Z., 


BENTONITE  PELLET 
SEAL 

a  ?  1. ' m  ■ 

-raho^aa  c;r.qi 


SANO  PACX  | 

~  ^  tn*  ?.1 .  ;».» 

I 

-  I«  (S  INCH  OIAMETER 

slot-ed  ••  it  la 
>?«•  SCREEN  I 

Ol  alLT... 

-  I.ZCnCH  OIAMETER 
SCHEDULE  40 KVC 
BLANK  SILT  TRAP 

l£ifn  lm 

-  BOTTOM  WELL  CAP 

~7-<7  '»* 

-  HOLE  CLEANED  OUT  TO 


BOTTOM  OK  BOREHOLE 

iile« 


YAR03CEMCNT-SAN0IRC0I4MIXI0R0ERB0 
r*  YARO^  CEMBNT.SANO  IREOI-MIXt  UStO 
CONCRETE  PUMPER  USED?  O'Co  Q  YES 

NAME 

WELL  COVER  USED:  □  LOCKING  STEEL  COVER 
Qcmristy  box 

WrtEtiER  KJ  m  t  t- 


NOT  TO  SCALE 
AOOITIONAL  INKORMATION: 


V 


I 

I 


J 


IMUS 


TON 


FIELD  WELL  COMPLETION  FORM 


Fltln^-fgu  K ti  ^  d* 


JOB 
•(UMBCBt 


2^m 


uoo««e^^  H 


"**«■  7*^7 


Ctt 


loirvo 

•  Tt 


L'.jl  cv-gfrt:l' 


* 


OAT*: 

n-?o  •‘r  o 


OBILLINO 

COMMNTi 


s  ^  i  Xic£ « 

(Z^tSSTlNCM  HOLLOW  STEM  AUGER 


COVIMCMT 


INCH  ROTARY  WASH 


CTCTfrt 


oaikkSQi  1 . 2S 


□  CHRISTY  SOX 

□  LOCKING  STEEL  COVER 

—  __iNCH  OIAMETER 
STEEL  CONOUCTOR 
CASING 


.to. 


It 


_ INCH  OIAMETER 

BOREHOLE 


.10. 


BENTONITE  CEMENT 
SEAL  OR 

8  SACK  CEMENTCANO 
SEAL 


^uwt«  j 


GALLONS 


.10- 


.Im 


R*fQB  TO  DBILUNCi 


— ’<(»,  c 


&A\+M  4 


DEVELOPMENT  1  fl^wjrfrf  ^ 


mitmoo  or 

3CVCLOPMCI 


3CVCLOPMINT 


vtBUO; 

GFM  1 

▼  IMH 

FROM 

TO 

OATS: 

▼KLOi 

GFM 

▼IMBi 

FROM 

TO 

j  OAT  Ci 

FlftOl 

GFM 

TVMCs 

FROM 

TO 

OATH 

TlKLOt 

GFM 

▼IMCi 

I  FROM 

TO 

jOATCx 

TOTAL.  Wi 
ourino  a 

XTCB  RCMOVCO 
IIVCUPMCHT: 

GALLONS 

OHCBIPTIOB 
Or  TUMIOITT 

AT  (NO  or 
OBV(LOPM«NTt 


Q  CLEAR 

□  moo.  turbio 


□  SLIGHTLY  cloudy 

□  VERY  MUDDY 


oooa*  or 
WATCWt 


*ATf» 

3IICNARBCB 

TOx 


GGROUNO  SURFACE 
□storm  sewers 
Oorums 


□  TANK  TRUCK 

□  STORAGE  TANK 

□  other 


9trrH  ro  watch 
ACTCa  OCVtMnMNTi 


FEET 


materials  used 


*  SACKS  OF 

.  SACKS  OF 


2i *1*0  u  j.~  C4, 


GALLONS  OF  GROUT  USED 

^SET 


.SANO 

.CEMENT 


TOF  OF  CASING  AT 

UL  f  eet  Xaoy|>  A  T 

BELOW  GROOmrCEVEU 

INCH  DIAMETER 
BOREHOLE 

D  :a  1_L£_  1  m 

-  'JLL  INCH  OIAMETER 
SCHEOULE  40  FVC 
BLANK  CASING 

3_L  10 

□  6ENT3NITE CEMENT 

L  OR 

D  'BACK  CEMENT -BTTO  , 

seAnJ4»-F»L  VAO  f  X 

jOL.  'o  JLL.  I  or 


9ENT0NITE  FELLET 
SEAL 

-ilu£*:o  ifL-.  *  ett . 

Wfl 


SANO  FAC 

J3L:o  "2* 


to  *■  -  i--« 

■  l.~ZL  ' NCH  01 AME  TER 

slqt-eo  lfc-16 


SACKS  OF  FOWOCREO  BENTONITE 

-2£ _  FOUNOS  OF  BENTONITE  FELLETS 

FEET  OF  !3S.  INCH  FVC  BLANK  CASING 
.jL£L  F8ST0F*J^i'i 


SCREEN 

xL ■— 

t-1S~ INCH  diameter 
SCHEOULE 40 FVC 
BLANK  SILT  TRAP 
— 

BOTTOM  WELL  CAP 

2i}L 

HOLE  CLEANED  OUT  TO 


:  INCH  FVC  SLOTTEO  SCREEN 


•  BOTTpM  OF  BOREHOLE 


■  YARD3  CEMBNT-BANO  (RED) -MIX)  OROEREO 
HLw.  YARD3  CEM8NT.SAN0  (REOI-MI XI  USED 


NOT  TO  SCALE 
AOOITIONAL  INFORMATION: 


CONCRETE  FUMFER  USED? 
NAME 


a*o  avts 


WELL  COVER  USSOt  □  LOCKING  STEEL  COVER 


IMUS 


>TCN 


FIELD  WELL  COMPLETION  FORM 


Fi1.k«4»u  fajfL i.UF«*fcueK*AU 


a&L 


.  corrca 


»*  L*^ 


5- 


OHIWL.INQ 

COMPANVi 


cquifmint 


HC  , 


lL!  S  fyi**  C.a* i 

INCH  HOLLOW  STEM  AUGER 
n  -  INCH  ROTARY  WASH 


OATS: 


GALLON!  or  WATCH 

..coou.mtnmcm.*,  Q 


rr&tti. 


Noun  ,  _ 

o*ii.l(Oi  (  ,  ± 


□  CHRISTY  SOX 

0  LOCXING  STEEL  COVER 

—  .  ...  i  wen  DIAMETER 

STEEL  CONDUCTOR 
CASING 


_ INCH  DIAMETER 

BOREHOLE 


.  10. 


;  8ENT0NITE -CEMENT 
SEAL  OR 

[  8  SACK  CEMENT-SANO 
SEAL 


GALLONS 


.10. 


.lift 


OWVOH  TO  OIMLUNCi 


06V6L0PM6NT  eH  J-uwcngt-^  ^mr  ^ 


*AS«M  A 

T 


MlTHOO  or 
SKVILOPMINT: 


OIVILOPWCNT 


▼ttkOi 

GFM  j 

timki 

PROM 

TO 

OATS: 

YKLOi 

GFM 

TtMCi 

PROM 

TO 

OATC; 

’KLOi 

GFM 

TVMCt 

PROM 

TO 

OATCi 

riCUOs 

GFM 

riMti 

PROM 

TO 

OATC; 

TOTAL  watch  HCMOVCO 

OUHINO  OC  V  CLOPMCNT* 


GALLONS 


OCtCHim  ON 

or  TunaioiTT 
AT  (NO  or 
OCVlLOPMtNTl 


□CLEAR 
□  MOO.  TUR8I0 


□  SLIGHTLY  CLOUOY 

□  VERY  MUOOY 


o oop  or 


TOP  OP  CASING^T 

ii_  FEET  A  t 

BELOW  GROUNO  LEVEL 

7.  *y~Nrn  oiameter 
borehole 
O 

I NCH  OIAMETER 
SCHEDULE  *0  PVC 
BLANK  CASING 
0  ta~  if'ffm 

■ZT'sentdni  te-cement 

SEAL  OR 
•3" a  SWBWBEMSMT -SAWO 
S€«cWT«>Mt  *A<|tfTqL 

0-  -o  j3  I  nr 

BENTONITE  PELLET 
SEAL 


OICCHAHOCO 

TO: 


□  GROUNO  SURFACE 
□storm  SEWERS 

□  ORUMS 


G  TANK  TRUCK 

□  STORAGE  tank 

□  other 


Li  J — idy-fb 


3IPTN  TO  WATCH 
ArrcH  oiviLorMCNTi 


Jiil£6 


FEET 


SANO/AC*  _ 

f««t 

•  I  •'ZS'i  NCH  01 AME  TER 
SLOTTED ?  ^  O 


MATERIALS  USEO 


A 


£ 


SACKS  OF 
SACKS  OF 


<U  ;c4 


.SAND 

.CEMENT 


2L 


GALLONS  OF  GROUT  USEO 
SACKS  OF  POWOEREO  BENTONITE 
FOUNDS  OF  BENTONITE  PELLETS 


XL L  FEET  OPiliZ  INCH  PVC  8 LANK  CASING 
F«*T0F.J^2fl! 


'^n >  SCREEN 

<e«£  zt 

UJJTiNCH  DIAMETER 
SCHEDULE  40 PVC 
BLANK  SILT  TRAP 

iLio^ldCi.., 

-  BOTTOM  WELL  CAP 

HOLE  cleaned  OUT  TO 


L  INCH  PVC  SLOTTED  SCREEN 


-  BOTTOM  OP  BOREHOLE 
feet 


.  YARO3  CEMENT-SANO  (REOI-MIXI  OROEREO 


YARD3  CEMENT-SANO  IREOIAIIXI  USEO 
CONCRETE  PUMPER  USED?  £3^0 


NOT  TO  SCALE 
AOOITIONAL  INFORMATION: 


NAME 


uL 


□Vts 


WELL  COVER  USEO:  □  LOCXI  NO  STEEL  COVER 
□  CHRISTY  BOX 

n^BNlRM  V  ^f.  # 


iiNiue 


ocfe»irrtOM 
Or  TUMIOITY 
AT  t MO  or 
OKVIWOMItMTf 


oocMt  or 

WATKttt 


□CLEAR 

□  moo.  turbid 


□  slightly  clouoy 

□  VERY  MUOOY 


*ATCM 

□  HCMA  I 

roi 


UGROUNO  SURFACE  □  TANK  TRUCK 

□storm  sewers  Qstorage  TANK 

□  ORUMS _ □  OTHER 


ocrr*  to  m a ti n 

PtVILQMHWTt 

materials  used 


JL L 

X7o 

r 


SACKS  Of 
SACKS  0^ 


GALLONS  OK  GROUT  USIO 

3k  or  powosreo  bentonite 

POUNOS  OF  BENTONITE  PELLETS 

FEET  Of  X  INCH  PVC  BLANK  CASING 

FEET  Or  _jLlNCM  PVC  SLOTTEO  SCREEN 


CEMBNT-SANO  (REOI-MIXI  OROEREO 
UL  TARO“  CEMSNT'SANO  (REOI-MIXI  USED 
CONCRETE  PUMPER  USEOP  Qfa  QV*S 


CEMENT 


SANO  FAC 

CLJL:o3L£L.u«' 

*2.  •  VCM  Ol  AME  TER 

JLOT-ED  ?  &■<£> 

SCREEN  i 

jX.  ~o  3£.  n»i 

2  INCH  01  AME  TER 
SCHEDULE 40PVC 
BLANK  SILT  TRAP 

toUiflcr 
BOTTOM  WELL  CAP 

■  HOLE  CLEANED  OUT  TO 


BOTTOM  OP  BOREHOLE 

Him 


NOT  TO  SCALE 


AOOITIONAL  INFORMATION: 


WELL  COVER  USED:  Q LOCKING  STEEL  COVER 

f&mrn I*«—M  mw 


maN 


FIELD  WELL  COMPLETION  FORM 


"*»*«,  Filin i-uM  Sl^L 


PROJICT 


LOOfiKO 
•  T! 


'^y-d  fj^>f 


■  l>A  ^u&lci  < 


"*»«>  £>g 


r=f 


COITKO 

•Tt 


3- 


OATC: 


3RILUNO 

COMMNV 


C  QUIPM C MT: 


&j{z 


r  • 

(  ^  < 


LLOV 


r. 


u*< 


ti±2L  INCH  HOLLOW  STEM  AUGER 
n  INCH  ROTARY  WASH 


ORILUR 

XaISi 


HOUR!  ,  .  - 

ORICUKOi  (t 


Q  CHRISTY  SOX 
□  LOCKING  STEEL  COVER 

—  _ INCH  DIAMETER 

STEEL  CONDUCTOR 
CASING 

—  'a  'HI 

—  _ NCM  OIAMETER 

BOREHOLE 


-G  BENTONITE  CEMENT 
SEAL  OR 

-□  3  SACK  CEMENT-SANO 

seal 


aiuomorwtnii  T  __ 

US(S  OURIM  OIIUlMi  -  >  cP 


GALLONS 


.  ;o. 


"ITNOO  or  QICOHT AMINATION 
•»IO«  TO  OKILLIMOi 


oevelopment  sga.  ;Val( 


>  i  - i  J  <r~ 

Jav-e  l  CTMtJ  0>r  hg  \rvy\ 


^ithoo  or 

2CV  (LQPMINT 


DCVILOPMCNT 

I  CO  AM  OATC: 


^<CLO: 

1  TIMIl 

GRM  1  FROM 

TO 

OATC: 

nctOt 

GRM  1 

\  TIMKI 

Ifrom 

TO 

OAT*: 

vtCUOs 

GRM 

TtMCt 

P«OM 

TO 

|  OATC: 

nCLDi 

1 

CPU 

TtMli 

fRQU 

TO 

jOATCi 

OURlNa  OCVCLOPMCNT: 


GALLONS 


acscoimoM 
or  TUMIOITT 
*r  (ho  or 
OIVIkOrMfHT: 


□  CLEAR 
Qmoo.  TURBIO 


□  SLIGHTLY  CLOUOY 

□  VERY  MUOOY 


m 


coon  or 

M  ATHi 


4ATCIV 

oncHApato 

TO; 


□  GROUNO  SURE  AC' 
□storm  SEWERS 


□  TANK  TRUCK 

□  storage  tank 


Oorums 

□  other 

3IPTH  TO  #AT(R 

AFTfi  QlVCWOFMCNTi 

FEET 

MATERIALS  USEO 

c 

SACKS  OR  Uo 

4  SANO 

*7 

IT1  ffi 

t 

nS 


fo 


ns 

10 


GA^JNS  OR  GROUT  USEO 
SACKS  OR  ROWOERCO  8ENT0NITE 
P0UN0S  OF  BENTONI TE  PELLETS 
•2 


FEET  OP 
FEET  OR 


INCH  RVC  BLANK  CASINO 
INCH  RVC  SLOTTED  SCREEN 


TOP  OF  CASING  AT 

_ FEET  A80Vgj»i-n 

3ELOW  GROUNO  LEVEL 

mch  oiameteR 
BOREHOLE 

JL  INCH  OIAMETER 
SCHEDULE  40 RVC 
BLANK  CASING 

0  to  *  s  *— > 

SENTONITECEMENT 

seal  or 

□  S  SACK  CEMENT-SAND 

seal 

SL.  r  ZlLltt, 

BENTONITE  PELLET 
SEAL  ^ 

-LL_  to  ±Z__ '  e»*  . 
'2-^Vj  >.l  >Ce, 


NCH  OIAMETER 

SLOT'SO  ■' 

•  screen 

l£l  -o  ~L£L>ih 

~Z  INCH  diameter 
SCHEDULE  40  RVC 
BLANK  SILT  TRAP 

2£:o:£L£.'„, 


BOTTOM  WELL  CAP 

HOLE  .LEANEO  OUT  TO 


BOTTOM  OR  BOREHOLE 


_  J2  CEMENT-SANO  (RCQI-MI XI  ORDERED 

j£io^ CEMENT-SANO  IREOI-MIXI  USEO 

d no 


NOT  TO  SCALE 
AOOITIONAL  INFORMATION: 


CONCRETE  RUMRfR  USEO? 

NAME 


□YES 


WELL  COVER  USEO:  □LOCXING  STEEL  COVER 
0CHRISTY  BOX 


ilMUS 


1TON 


FIELD  WELL  COMPLETION  FORM 


t  ilinAToU  Ktigj  cf* 


|  PtOJtCT^ 


**^€:  | D°[  *  ^ 


COITVO 


1^6 

T 


OATS 

i 


oniLUNa  /7  f  r'  *r* 

COMAAATt  f  ^,CA^  t  ll*C 

S(d^£.  INCH  HOLLOW 


CaUIPMINT: 


INCH  HOLLOW  STEM  AUGER 
INCH  ROTARY  WASH 


QlltLCRi  • 

1C. 


NOUNS 

OffILLCO 


7.r 


gauoni  or  wAfm 

USED  QUilUtt  QRlVUNti 


*41'* 


gallons 


mitmod  or  OfCOMT 
"»>o*  TO  oriLunai 


mwrioii^ 


DEVELOPMENT  SgA  Well  "W I  ^  Ww 


T 


hcthoo  or 
SCVCLOFMINT: 


3CVCIOFMINT 
I  CO  A  M  OATfi 


^'luo. 

GFM  1 

riMfti 

FROM 

TO 

OATS: 

riKLOi 

GFM  1 

TIM«I 

FROM 

TO 

jOATCi 

▼  icio* 

GFM 

timci 

from 

TO  1 

[OATH 

riKUOs 

GFM  1 

TtM*» 

FROM 

TO 

OATIi 

OU NINO  OCVCLOPMCNTt 


GALLONS 


ocscnintiom 
or  TUNWOITT 
AT  CNO  or 

OCVlLOPMCNTt 


□clear 
□  moo.  TUR8I0 


□slightly  cloudy 

□  VERY  MUOOY 


ooon  or 

NATCNi 


NATCN 
O I  SC  MAI 

TO: 


□  GROUND  surface 
□storm  SEWERS 

□  drums 


□  TANK  TRUCK 

□  storage  TANK 

□  other _ 


3IPTH  TO  WATCN 
APtlR  OKVCLOPMINti 


MET 


MATERIALS  USED 


S'  SATKK  np  Z»»pO 

M  sacks  of  Ur>* 

+  U  - .  _  _  ,l 


.SANO 

.CEMENT 


r 

_JL £. 


GALLONS  OF  GROUT  USED 

.JaIm  I 


JjL 


I  OF  PQWOCRCO  BENTONITE 
POUNOS  OF  BENTONITE  PELLETS 
FEET  OF_L__  [NCH  PVC  BLANK  CASING 

-Lfi -  Ft«T  OF  _i_  INCH  PVC  slotted  screen 


taro3  CEMBNT-SANO  (REOI-MIXI  oroireo 


__2L2u&#  CSMBNT.SANO  IRtOI-MIXI  USED 

concrete  fumfer  used;  3^0  qyes 

NAME 


WELL  COVER  USED:  □LOCKING  STEEL  COVER 

fVwiiFklRRM  RMW 


Q  CHRISTY  BOX 
□  LOCXING  STEEL  COVER 

—  _ INCH  DIAMETER 

STEEL  CONOUCTOR 
CASING 

-  :o  *tw 

—  _ INCH  OIAMETER 

BOREHOLE 


.to. 


■U  BENTONITE  CEMENT 
SEAL  OR 

-2  3  SACK  CEMCNT-SANO 
SEAL 


.to. 


jMt 


SB 


i  I _ 


TOP  OF  CASING  AT  _ 

_ FEET  ABOVE<£P 

BELOW  GROUNO  LEVEL 

—  ^jL*INCH  OIAMETER 
BOREHOLE 

Q—  :z~  trr 

—  T  INCH  OIAMETER 
SCHEOULE  40  FVC 
BLANK  CASING 

.  £.  ..  nT~30  frrt 

“S^BENTONITE CEMENT 
SEAL  OR 

->□  8-SACK  CEMENT-SANO 
SEAL 

ji2_  'oiLLfft 

BENTONITE  FELLET 
SEAL 

i£i£/.o  1*7- T  «... ,  1 

4>  4-<iU  U& 


,7  g( ! 

SANOPACtf  «,  ' 


SANDfAC] 

f  l«tt 

■-Z.  '  NCH  OIAMETER 
SLOTTED  I  *<3 
i-*i»  SCREEN 

oifL,,,, 

7 

■  *•  INCH  OIAMETER 

SCHEOULE  40 FVC 
BLANK  SILT  TRAP 

l£_t033il«w, 

BOTTOM  WELL  CAP 
f««1 

MOLE  CLEANED  OUT  TO 


bottom  0*  BOREHOLE 

life* 


NOT  TO  SCALE 
A0OITIONAL  INFORMATION: 


NUS 


FIELD  WELL  COMPLETION  FORM 

Isas*. l~A 

LOOCIoV  ,  /  77  (I  IDITCO  -J 

—-«>  Mtv’  Id  ’  _ _ 1  (-(£-^0 


COITCO 

•V: 


I  OATCl 

1  o 


ORILUNG 
COMPAN  ▼  • 


CQUIPMCNT: 


Sfi3^  INCH  HOLLOW  STEM  AUGEfl  *T. 


INCH  ROTARY  WASH 


&AUONI  Or  WATCH 
USCO  OU  CINQ  OHILLINGi 


'••OC  TO  OHILUNOI 


nOUNI 

OfllLLCO; 


GALLONS 


06V6L0PMENT  <g«.  j/jgll 


“«TMOO  or 
3tVH.OMIHr 

d(V(lana<i>T 

’XkSl  I  TIHtl 

_ GPM  I  F ROM 

■'XUOi  |  TIHII 

_  GPM  I  FROM 

’XUJi  Itimsi 

_ GPM  FROM 

*'«LQi  1  TtMli 

_ GPM  Ifrom 

OURtMa  OlVILOMtNT: 


acscRimoM 
or  TURBIOITT 
AT  INO  or 
0(V<L0n>IKT: 


□Clear 

Q  M00.*TURBI0 


GALLONS _ 

□  SLIGHTLY  CLOUOY 

□  VERY  WUQOY 


ooop  or 

wrATCOt 

«*TC*» 

OUCMAHOKD 

TO: 


□  GROUNO  SURFACE  □tank  TRUCK 

□STORM  SEWERS  QSTORAGE  TANK 

□  QRUMS _ □  OTHER 


ocrrM  ro  match 
»»t««  acviLOraiNTi 

MATERIALS  USED 


SACKS  OF 
SACKS  OP 


CEMENT 


.  GALLONS  OP  GROUT  USCO 

IaVJ 

.  SAAKS  OP  POWOCREO  BENTONITE 
POUNOS  OF  BENTONITE  PELLETS 
FEET  OF  X  INCH  PVC  BLANK  CASING 
FEET  OP  _3^.1NCH  PVC  SLOTTEO  SCREEN 


□  CHRISTY  BOX 

□  LOCKING  STEEL  COVER 


_ INCH  OIAMETER 

STEEL  CONDUCTOR 
CASING 


_ .NCH  OIAMETER 

BOREHOLE 


□  6ENT0NITECEMENT 

seal  or 

□  B  SACK  CEMENT-SANO 

seal 


TOP  OF  CASING  AT 

_ FEET  ABOVE^O 

BELOW  GROUNO  LcVEL 

-  j.'ii 

NCH  OIAMETER 
BOREHOLE 

—  INCH  OIAMETER 
SCHEDULE  40 PVC 
BLANK  CASING 

Aio^Rt 

•3'bENTONITE-CEMENT 
SEAL  OR 

□  S  SACK  CEMENT-SANO 
SEAL 

J?,.  •-  1  a  '**♦ 


BENTONITE  PELLET 
SEAL 

~lA  ,  ’.a  i  K,.‘ e«i . i _ 

SANo’pAct  1 

*l£> 

'NCH  OIAMETER 
SLOT'EO  :  ^10 

»  SCREEN^  I 

J£f  o2£d  '■■■ 

~Z  INCH  OIAMETER 
SCHEOULE  40  PVC 
BLANK  SILTTRAP 

l£lSTlo2i_l»»r 

BOTTOM  WELL  CAP 
hOLC  CLEANED  OUT  TO 


jTTpM  OP  BOREHOLE 


YARO3  CEMENT-SANO  IRE0I4MIXI  0R0ERE0 
TARO3  CEMCNT-BANO  IRCOt-MIXI  USCO 
CONCRETE  PUMPER  USCO?  0^0  □Y«S 


QYCS 


NOT  TO  SCALE 


AOOITIONAL  INFORMATION: 


WELL  COVER  USED:  gKoCXINQ  STEEL  COVER 
□CHRISTY  SOX 


WELL  DEVELOPMENT  FORMS 


R-48-05-0-016H 


FIGURE  6-7 

WELL  DEVELOPMENT  FORM 
ELLINGTON  FIELD  (ANG) 

lAtU''  0 1 


<1- 

i-f 

Total  Depth  of  Well  {bTOC*) 

~*6.U 

Static  Water  Level  (bTOC) 

n.ti 

n.*11 

n.H 1 

h  -  Height  of  Water  Column  (feet) 

.l.ol 

(“2.«( 

o.Hr 

r  -  Inside  Diameter  of  Well  (feet) 

R  -  Diameter  of  Boring  (feet) 

.3^ 

Volume  of  Well  and  Filter  Pack 

v  =  [irr2h  +  (irR2h  -  irr2h)0.30]7.48 

a.O 

m iv 

where: 

0.30  =  30%  porosity  of  filter  pack 
7.48  =  gallons  per  cubic  foot 


Date 

n-rf 

i-r 

Time 

l  oof 

&o/> 

Volume  Removed 

1  O  «*U 

Development  Method 

k  Lv.li^ 

<4  £ 

Developed  By 
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J-* 

l/>  H  5“ 

zt 


Comments: 

£ 

Utftc 


Oui 


O'* 


{*k\  Jr  aA; 
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S*/4.Us*^4.  H  \~lA 


I 

| 
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FIGURE  6-7 


WELL  DEVELOPMENT  FORM 
ELLINGTON  FIELD  (ANG) 


Total  Depth  of  Well  (bTOC*) 
Static  Water  Level  (bTOC) 
h  -  Height  of  Water  Column  (feet) 
r  -  Inside  Diameter  of  Well  (feet) 

R  -  Diameter  of  Boring  (feet) 
Volume  of  Well  and  Filter  Pack 
v  =  (irr2h  +  (riR2h  -  irr2h)0.30]7.48 
where: 

0.30  =  30%  porosity  of  filter  pack 
7.48  =  gallons  per  cubic  foot 
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Comments: 
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FIGURE  6-7 


WELL  DEVELOPMENT  FORM 
ELLINGTON  FIELD  (ANG) 

iMlJ  d1 


Total  Depth  of  Well  (bTOC*) 
Static  Water  Level  (bTOC) 
h  -  Height  of  Water  Column  (feet) 
r  -  Inside  Diameter  of  Well  (feet) 

R  -  Diameter  of  Boring  (feet) 
Volume  of  Well  and  Filter  Pack 
v  =  [nr2h  +  (uR2h  -  Tir2h)0.30)7.48 
where: 

0.30  =  30%  porosity  of  filter  pack 
7.48  =  gallons  per  cubic  foot 
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FIGURE  6-7 

WELL  DEVELOPMENT  FORM 
ELLINGTON  FIELD  (ANG) 

l Mid- 


i-H 

Total  Depth  of  Well  (bTOC*) 

-7.~1.or 

zl.lo 

Static  Water  Level  (bTOC) 

ic.^r 

if.O 

h  -  Height  of  Water  Column  (feet) 

lO.IC 

r  -  Inside  Diameter  of  Well  (feet) 

R  -  Diameter  of  Boring  (feet) 

Volume  of  Well  and  Filter  Pack 

v  =  [irr2h  +  (TrR2h  -  Trr2h)0.30)7.48 

4. nr 

j£>Ab 

where: 

0.30  =  30%  porosity  of  filter  pack 
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FIGURE  6-7 


WELL  DEVELOPMENT  FORM 
ELLINGTON  FIELD  (ANG) 

pi 


1-4 

i-1 

Total  Depth  of  Well  (bTOC*) 

Static  Water  Level  (bTOC) 

■zi/if 

'11.10 

h  -  Height  of  Water  Column  (feet) 

2.0 

_ 

r  -  Inside  Diameter  of  Well  (feet) 

■  Oil 

R  -  Diameter  of  Boring  (feet) 

Volume  of  Well  and  Filter  Pack 
v  =  [irr2h  +  (nR2h  -  irr2h)0. 30)7.48 

2. ft. 

where: 

0.30  =  30%  porosity  of  filter  pack 
7.48  =  gallons  oer  cubic  foot 
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*below  top  of  casing 


FIGURE  6-7 


WELL  DEVELOPMENT  FORM 
ELLINGTON  FIELD  (ANG) 

^*7 


Total  Depth  of  Well  (bTOC*) 
Static  Water  Level  (bTOC) 
h  -  Height  of  Water  Column  (feet) 
r  -  Inside  Diameter  of  Well  (feet) 

R  -  Diameter  of  Boring  (feet) 
Volume  of  Well  and  Filter  Pack 
v  =  [irr2h  +  (TtR2h  -  Trr2h)0.30]7.48 
where: 


0.30  =  30%  porosity  of  filter  pack 
7.48  =  gallons  per  cubic  foot 
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FIGURE  6-7 


WELL  DEVELOPMENT  FORM 
ELLINGTON  FIELD  (ANG) 
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Total  Depth  of  Well  (bTOC*) 
Static  Water  Level  (bTOC) 
h  -  Height  of  Water  Column  (feet) 
r  -  Inside  Diameter  of  Well  (feet) 

R  -  Diameter  of  Boring  (feet) 
Volume  of  Well  and  Filter  Pack 
v  =  [irr2h  +  (nR2h  -  Trr2h)0.30]7.48 
where: 

0.30  =s  30%  porosity  of  filter  pack 
7.48  =  gallons  per  cubic  foot 
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FIGURE  6-7 


WELL  DEVELOPMENT  FORM 
ELLINGTON  FIELD  (ANG) 


1-0 

Total  Depth  of  Well  (bTOC*) 

1L21 

Static  Water  Level  (bTOC) 

n.it 
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h  -  Height  of  Water  Column  (feet) 

IZ.oH 

s.n 

r  -  Inside  Diameter  of  Well  (feet) 

.D& 

R  -  Diameter  of  Boring  (feet) 

Volume  of  Well  and  Filter  Pack 
v  =  [irr2h  +  (uR2h  -  irr2h)0.30]7.48 

\~<3i 

where: 

0.30  =  30%  porosity  of  filter  pack 
7.48  =  gallons  per  cubic  foot 
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FIGURE  6-7 


WELL  DEVELOPMENT  FORM 
ELLINGTON  FIELD  (ANG) 

Wl&J  '  /  D 
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Total  Depth  of  Well  (bTOC*)  7HJ1> 

Static  Water  Level  (bTOC)  (  4.&0 

h  -  Height  of  Water  Column  (feet)  IS .1% 

r- Inside  Diameter  of  Well  (feet)  . 

R- Diameter  of  Boring  (feet) 

Volume  of  Well  and  Filter  Pack 

v  =  [iTr2h  +  (nR2h  -  irr2h)0. 30)7.48  i£i^l 

where: 

0.30  =  30%  porosity  of  filter  pack 
7.48  =  gallons  per  cubic  foot 
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APPENDIX  8 

SLUG  TEST  CALCULATIONS 


I 

i 

l 

l 


R-48-05-0-016H 


SLUG  IN  TEST 


MONITOR  WELL  NUMBER: 

MW-01 

ELEVATION  TOP  OF  CASING: 

37.68 

ELEVATION  WATER  (IN’): 

19.99  ELEVATION  WATER  (OUT): 

DEPTH  OF  WELL  (TOC) : 

31.13  DIAMETER  OF  CASING:  . 167  FEET 

SCREEN  LENGTH  AND  INTERVAL: 

10  FEET,  16.0  TO  26.0  FEET  BELOW  GRADE 

SCREEN/FILTER  TYPE: 

#  10  PARTIALLY  PENETRATING/  20/40  GRADE  SILICA  SAND 

AQUIFER  TYPE  AND  THICKNESS: 

CLAYEY  SILT  AND  SILTY  SAND,  14  TO  27  FEET  BELOW  GRADE 

H(O)  TRANSLATION: 

1.25  H(0)  THEORETICAL:  1.53 

INITIAL  CONSISTENT  VALUE: 

21.24  TRANS.  METH.  (SLUG  IN)  T(0):  .0667 

FINAL  TRANSDUCER  VALUE: 

19.99 

iUG  TEST  IN: 


SAMPLE 

NUMBER 

TIME 

: MINUTES) 

TIME 

(SECONDS) 

000 

0 

0 

001 

.0033 

.198 

002 

.0067 

.402 

003 

.01 

.6 

004 

.0133 

.798 

005 

.0167 

1.002 

006 

.02 

1.2 

007 

.0233 

1.398 

008 

.0267 

1.602 

009 

.03 

1.8 

010 

.0333 

1.998 

Oil 

.05 

3 

012 

.0667 

4.002 

013 

.0833 

4.998 

014 

.1 

6 

015 

.1167 

7.002 

016 

.1333 

7.998 

017 

.15 

9 

018 

.1667 

10.002 

019 

.1833 

10.998 

020 

.2 

12 

021 

.2167 

13.002 

022 

.2333 

13.998 

023 

.25 

15 

024 

.2667 

16.002 

025 

.2833 

16.998 

026 

.3 

18 

027 

.3167 

19.002 

028 

.3333 

19.998 

029 

.4167 

25.002 

030 

.5 

30 

031 

.5833 

34.998 

032 

.6667 

40.002 

033 

.75 

45 

034 

.8333 

49.998 

035 

.9167 

55.002 

036 

1 

60 

037 

1.0833 

64.998 

038 

1.1667 

70.002 

039 

1.25 

75 

040 

1.3333 

79.998 

041 

1.4167 

85.002 

042 

1.5 

90 

043 

1.583 

94.98 

044 

1.6867 

100.002 

T(0) 

TRANS. 

XD 

READING 

H' 

A/B  DATUM 
TRANS. 

-.0667 

17.25 

3.99 

-.0634 

20.72 

.52 

-.06 

24.69 

3.45 

-.0567 

21.26 

.02 

-.0534 

19.38 

1.86 

-.05 

21.59 

.35 

-.0467 

22.48 

1.24 

-.0434 

21.19 

.05 

-.04 

20.92 

.32 

-.0367 

21.67 

.43 

-.0334 

21.15 

.09 

-.0167 

20.99 

.25 

o  ; 

21.24 

0 

.0166 

21.16 

.08 

.0333 

21.15 

.09 

.05 

21.10 

.14 

.0666 

21.10 

.14 

.0833 

21.08 

.16 

.1 

21.10 

.14 

.1166 

21.03 

.21 

.1333 

21.03 

.21 

.15 

21.02 

.22 

.1666 

20.99 

.25 

.1833 

20.99 

.25 

.2 

20.97 

.27 

.2166 

20.95 

.29 

.2333 

20.94 

.3 

.25 

20.92 

.32 

.2666 

20.92 

.32 

.35 

20.86 

.38 

.4333 

20.80 

.44 

.5166 

20.73 

.51 

.6 

20.68 

.56 

.6833 

20.64 

.6 

.7666 

20.61 

.63 

.85 

20.56 

.68 

.9333 

20.51 

.73 

1.0166 

20.48 

.76 

1.1 

20.46 

.78 

1.1833 

20.43 

.81 

1.2666 

20.38 

.86 

1.35 

20.37 

.87 

1.4333 

20.33 

.91 

1.5163 

20.32 

.92 

1.6 

20.26 

.98 

H 

TRANS. 

H/H(0 ) 
TRANS. 

H/H(0) 

THEOR. 

-2.74 

-2.192 

-1.7908 

.73 

.584 

.4771 

-2.2 

-1.76 

-1.4379 

1.23 

.984 

.8039 

-.61 

-.488 

-.3987 

.9 

.72 

.5882 

.01 

.008 

.0065 

1.2 

.96 

.7843 

.93 

.744 

.6078 

.82 

.656 

.5359 

1.16 

.928 

.7582 

1 

.8 

.6536 

1.25 

1 

.817 

1.17 

.936 

.7647 

1.16 

.928 

.7582 

1.11 

.888 

.7255 

1.11 

.888 

.7255 

1.09 

.872 

.7124 

1.11 

.888 

.7255 

1.04 

.832 

.6797 

1.04 

.832 

.6797 

1.03 

.824 

.6732 

1 

.8 

.6536 

1 

.8 

.6536 

.98 

.784 

.6405 

.96 

.768 

.6275 

.95 

.76 

.6209 

.93 

.744 

.6078 

.93 

.744 

.6078 

.87 

.696 

.5686 

.81 

.648 

.5294 

.74 

.592 

.4837 

.69 

.552 

.451 

.65 

.52 

.4248 

.62 

.496 

.4052 

.57 

.456 

.3725 

.52 

.416 

.3399 

.49 

.392 

.3203 

.47 

.376 

.3072 

.44 

.352 

.2876 

.39 

.312 

.2549 

.38 

.304 

.2484 

.34 

.272 

.2222 

.33 

.264 

.2157 

.27 

.216 

.1765 

SLUG  TEST 

SAMPLE 

NUMBER 

IN: 

TIME 

( MINUTES  1 

TIME 

( SECONDS ) 

TfO) 

TRANS. 

XD 

READING 

H' 

A/B  DATUM 
TRANS. 

H 

TRANS. 

H/H(0) 

TRANS. 

H/H(0 ) 
THEOR. 

045 

1.75 

105 

1.6833 

20.27 

.98 

.27 

.216 

.1765 

046 

1.833 

109.98 

1.7663 

20.26 

5 

-3.75 

-3 

-2.451 

047 

1.9167 

115.002 

1.85 

26.24 

1.02 

.23 

.184 

.1503 

048 

O 

x20 

1.9333 

20.22 

1.1 

.15 

.12 

.098 

049 

2.5 

150 

2.4333 

20.14 

1.14 

.11 

.088 

.0719 

050 

3 

180 

2.9333 

20.10 

1.18 

.07 

.056 

.0458 

051 

3.5 

210 

3.4333 

20.06 

1.21 

.04 

.032 

.0261 

052 

4 

240 

3.9333 

20.03 

1.22 

.03 

.024 

.0196 

053 

4.5 

270 

4.4333 

20.02 

1.24 

.01 

.008 

.0065 

054 

5 

300 

4.9333 

20.00 

1.24 

.01 

.008 

.0065 

055 

5.5 

330 

5.4333 

20.00 

1.24 

.01 

.008 

.0065 

056 

6 

360 

5.9333 

20.00 

1.25 

0 

0 

0 

057 

6.5 

390 

6.4333 

19.99 

1.24 

.01 

.008 

.0065 

058 

7 

420 

6.9333 

20.00 

1.24 

.01 

.008 

.0065 

059 

7.5 

450 

7.4333 

20.00 

1.25 

0 

0 

0 

060 

8 

480 

7.9333 

19.99 

1.24 

.01 

.008 

.0065 

061 

8.5 

510 

8.4333 

20.00 

1.25 

0 

0 

0 

062 

9 

540 

8.9333 

19.99 

1.25 

0 

0 

0 

063 

9.5 

570 

9.4333 

19.99 

1.25 

0 

0 

0 

064 

10 

600 

9.9333 

19.99 

0 

0 

0 

0 

065 

12 

720 

11.9333 

0 

0 

0 

0 

066 

14 

840 

13.9333 

0 

0 

0 

0 

067 

16 

960 

15.9333 

0 

0 

0 

0 

068 

18 

1080 

17.9333 

0 

0 

0 

0 

069 

20 

1200 

19.9333 

0 

0 

0 

0 

070 

22 

1320 

21.9333 

0 

0 

0 

0 

071 

24 

1440 

23.9333 

0 

0 

0 

0 

072 

26 

1560 

25.9333 

0 

0 

0 

0 

073 

28 

1680 

27.9333 

0 

0 

0 

0 

074 

30 

1800 

29.9333 

0 

0 

0 

0 

075 

32 

1920 

31.9333 

0 

0 

0 

0 

076 

34 

2040 

33.9333 

0 

0 

0 

0 

077 

36 

2160 

35.9333 

0 

0 

0 

0 

078 

38 

2280 

37.9333 

0 

0 

0 

0 

079 

40 

2400 

39.9333 

0 

0 

0 

0 

080 

42 

2520 

41.9333 

0 

0 

0 

0 

081 

44 

2640 

43.9333 

0 

0 

0 

0 

082 

46 

2760 

45.9333 

0 

0 

0 

0 

083 

48 

2880 

47.9333 

0 

0 

0 

0 

084 

50 

3000 

49.9333 

0 

0 

0 

0 

085 

52 

3120 

51.9333 

0 

0 

0 

0 

086 

54 

3240 

53.9333 

0 

0 

0 

0 

087 

56 

3360 

55.9333 

0 

0 

0 

0 

088 

58 

3480 

57.9333 

0 

0 

0 

0 

089 

60 

3600 

59.9333 

0 

0 

0 

0 

5LUG-  IN 
Well  Ho.  did— 03. 


Casino  Diameter  =  2  in.  =  .167  ft. 

Casino  radius  (rc)  =  .083  ft. 

Cenath  of  screen  t'L)  =  10.0  tt, 

Heiaht  of  water  from  base  of  screen  t  H )  -  10.44  ft. 
Radius  of  borenoie  (rwj  =  .344  f * . 

Thickness  of  Aquifer  CD)  =  13  -+. 

C  =1.9 

Vo  =  1.12  y t  =  0.225  t  =  120  sec. 


:  1 . 1  C 

In  ( R.,  rw )  ^  !  - -  -  - 

!  In  H/rw  L/r, 


In ( 10. 44/. 344)  (10/. 344) 


=  2.58 

K  =  HYDRAULIC  CONDUCTIVITY 

1 

< -  <  In  ( y0.  y  t ) 

(.083)=  (2.58)  1 

K  =  -  x  x  ln  (1.12/. 

2(10)  120 

K  =  1.19  x  10-8  ft. /sec. 

K  =  1.03  ft. /da. 

K  =  3.62  x  10~4  cm. /sec. 

T  -  TRANSMISSIVITY 

T  »  (K)  (D)  (7.48  gpd/ft) 

T  ■  (1.03)  (  13  )  (7.48) 

T  ■ 


BEST 

AVAILABLE  COPY 


100.18  gpd/ft 


SLUG  OUT  TEST 


MONITOR  WELL  NUMBER: 

MW-Ol 

ELEVATION  TOP  OF  CASING: 

37.68 

ELEVATION  WATER  (IN): 

ELEVATION  WATER  (OUT):  19.99 

DEPTH  OF  WELL  (TOC): 

31.13.‘  DIAMETER  OF  CASING:  .167  FEET 

SCREEN  LENGTH  AND  INTERVAL: 

10  FEET.  16.0  TO  26.0  FEET  BELOW  GRADE 

SCREEN/FILTER  TYPE: 

a  10  PARTIALLY  PENETRATING/  20/40  GRADE  SILICA  SAND 

AQUIFER  TYPE  AND  THICKNESS: 

CLAYEY  SILT  AND  SILTY  SAND.  14  TO  27  FEET  BELOW  GRADE 

H ( 0 )  TRANSLATION: 

1.51  H(0)  THEORETICAL:  1.53 

INITIAL  CONSISTENT  VALUE: 

18.49  TRANS.  METH.  (SLUG  OUT)  T(0):  .03 

FINAL  TRANSDUCER  VALUE: 

20 

;lug  TEST  OUT: 


H' 


SAMPLE 

NUMBER 

TIME 

(MINUTES) 

TIME 

(SECONDS) 

T(0) 

TRANS. 

XD 

READING 

A/B  DATUM 
TRANS. 

H 

TRANS. 

H/H(0) 

TRANS. 

H/H(0) 

THEOR. 

OOO 

0 

0 

-.03 

18.14 

-.35 

1.86 

1.2318 

1.2157 

001 

.0033 

.198 

-.0267 

18.55 

.06 

1.45 

.9603 

.9477  , 

002 

.0067 

.402 

-.0233 

18.22 

-.27 

1.78 

1.1788 

1.1634 

003 

.01 

.6 

-.02 

18.71 

.22 

1.29 

.8543 

.8431 

004 

.0133 

.798 

-.0167 

18.35 

-.14 

1.65 

1.0927 

1.0784 

005 

.0167 

1.002 

-.0133 

18.57 

.08 

1.43 

.947 

.9346 

006 

.02 

1.2 

-.01 

18.49 

0 

1.51 

1 

.9869 

007 

.0233 

1.398 

-.0067 

18.49 

0 

1.51 

1 

.9869 

008 

.0267 

1.602 

-.0033 

18.57 

.08 

1.43 

.947 

.9346 

009 

.03 

1.8 

0 

18.49 

0 

1.51 

1 

.9869 

010 

.0333 

1.998 

.0033 

18.57 

.08 

1.43 

.947 

.9346 

on 

.05 

3 

.02 

18.59 

.1 

1.41 

.9338 

.9216 

012 

.0667 

4.002 

.0367 

18.60 

.11 

1.4 

.9272 

.915 

013 

.0833 

4.998 

.0533 

18.65 

.16 

1.35 

.894 

.8824 

014 

.1 

6 

.07 

18.67 

.18 

1.33 

.8808 

.8693 

015 

.1167 

7.002 

.0867 

18.68 

.19 

1.32 

.8742 

.8627 

016 

.1333 

7.998 

.1033 

18.71 

.22 

1.29 

.8543 

.8431 

017 

.15 

9 

.12 

18.73 

.24 

1.27 

.8411 

.8301 

018 

.1667 

10.002 

.1367 

18.75 

.26 

1.25 

.8278 

.817 

019 

.1833 

10.998 

.1533 

18.76 

.27 

1.24 

.8212 

.8105 

020 

.2 

12 

.17 

18.79 

.3 

1.21 

.8013 

.7908 

021 

.2167 

13.002 

.1867 

18.79 

.3 

1.21 

.8013 

.7908 

022 

.2333 

13.998 

.2033 

18.82 

.33 

1.18 

.7815 

.7712 

023 

.25 

15 

.22 

18.84 

.35 

1.16 

.7682 

.7582 

024 

.2667 

16.002 

.2367 

18.86 

.37 

1.14 

.755 

.7451 

025 

.2833 

16.998 

.2533 

18.87 

.38 

1.13 

.7483 

.7386 

026 

.3 

18 

.27 

18.89 

.4 

1.11 

.7351 

.7255 

027 

.3167 

19.002 

.2867 

18.90 

.41 

1.1 

.7285 

.719 

028 

.3333 

19.998 

.3033 

18.92 

.43 

1.08 

.7152 

.7059 

029 

.4167 

25.002 

.3867 

19.00 

.51 

1 

.6623 

.6536 

030 

.5 

30 

.47 

19.05 

.56 

.95 

.6291 

.6209 

031 

.5833 

34.998 

.5533 

19.11 

.62 

.89 

.5894 

.5817 

032 

.6667 

40.002 

.6367 

19.16 

.67 

.84 

.5563 

.549 

033 

.75 

45 

.72 

19.22 

.73 

.78 

.5166 

.5098 

034 

.8333 

49.998 

.8033 

19.27 

.78 

.73 

.4834 

.4771 

035 

.9167 

55.-002 

.8867-* 

19.32 

.83 

.68 

.4503 

.4444 

036 

1 

60 

.97 

19.35 

.86 

.65 

.4305 

.4248 

037 

1.0833 

64.998 

1.0533 

19.38 

.89 

.62 

.4106 

.4052 

038 

1.1667 

70.002 

1.1387 

19.43 

.94 

.57 

.3775 

.3725 

039 

1.25 

75 

1.22 

19.46 

.97 

.54 

.3576 

.3529 

040 

1.3333 

79.998 

1.3033 

19.49 

1 

.51 

.3377 

.3333 

041 

1.4167 

85.002 

1.3867 

19.52 

1.03 

.48 

.3179 

.3137 

042 

1.5 

90 

1.47 

19.54 

1.05 

.46 

.3046 

.3007 

043 

1.583 

94.98 

1.553 

19.57 

1.08 

.43 

.2848 

.281 

044 

1.6667 

100.002 

1.6367 

19.60 

1.11 

.4 

.2649 

.2614 

SLUG  TEST 

SAMPLE 

NUMBER 

OUT: 

TIME 

MINUTES) 

TIME 

( SECONDS ) 

T(0) 

TRANS. 

XD 

READING 

H' 

A/B  DATUM 
TRANS. 

H 

TRANS. 

H/H(0) 

TRANS. 

H/H(  ) 
THEC  . 

045 

1.75 

105 

1.72 

19.62 

1.13 

.38 

.2517 

.248 

046 

1.833 

109.98 

1.803 

19.65 

1.16 

.35 

.2318 

.228o 

047 

1.9167 

115.002 

1.8867 

19.65 

1.16 

.35 

.2318 

.2288 

048 

2 

120 

1.97 

19.68 

1.19 

.32 

.2119 

.20£ 

049 

2.5 

150 

2.47 

19.78 

1.29 

.22 

.1457 

.142- 

050 

3 

180 

2.97 

19.84 

1.35 

.16 

.106 

.1046 

051 

3.5 

210 

3.47 

19.89 

1.4 

.11 

.0728 

.071 

052 

4 

240 

3.97 

19.91 

1.42 

.09 

.0596 

.056 

053 

4.5 

270 

4.47 

19.94 

1.45 

.06 

.0397 

.0392 

054 

5 

300 

4.97 

19.95 

1.46 

.05 

.0331 

.032'7 

055 

5.5 

330 

5.47 

19.97 

1.48 

.03 

.0199 

.01S 

056 

6 

360 

5.97 

19.97 

1.48 

.03 

.0199 

.0196 

057 

6.5 

390 

6.47 

19.99 

1.5 

.01 

.0066 

.0065 

058 

7 

420 

6.97 

19.99 

1.5 

.01 

.0066 

.006 

059 

7.5 

450 

7.47 

19.99 

1.5 

.01 

.0066 

.006^ 

060 

8 

480 

7.97 

19.99 

1.5 

.01 

.0066 

.0065 

061 

8.5 

510 

8.47 

19.99 

1.5 

.01 

.0066 

.006 

062 

9 

540 

8.97 

19.99 

1.5 

.01 

.0066 

.006 

063 

9.5 

570 

9.47 

19.99 

1.5 

.01 

.0066 

.0065 

064 

10 

600 

9.97 

20.00 

1.51 

0 

0 

0 

065 

12 

720 

11.97 

0 

0 

0 

0 

066 

14 

840 

13.97 

0 

0 

0 

0 

067 

16 

960 

15.97 

0 

0 

0 

0 

068 

18 

1080 

17.97 

0 

0 

0 

0 

069 

20 

1200 

19.97 

0 

0 

0 

0 

070 

22 

1320 

21.97 

0 

0 

0 

0 

071 

24 

1440 

23.97 

0 

0 

0 

0 

072 

26 

1560 

25.97 

0 

0 

0 

Q 

073 

28 

1680 

27.97 

0 

0 

0 

0 

074 

30 

1800 

29.97 

0 

0 

0 

0 

075 

32 

1920 

31.97 

0 

0 

0 

0 

076 

34 

2040 

33.97 

0 

0 

0 

0 

077 

36 

2160 

35.97 

0 

0 

0 

0 

078 

38 

2280 

37.97 

0 

0 

0 

0 

079 

40 

2400 

39.97 

0 

0 

0 

0 

080 

42 

2520 

41.97 

0 

0 

0 

0 

081 

44 

2640 

43.97 

0 

0 

0 

0 

082 

46 

2760 

45.97 

0 

0 

0 

0 

083 

48 

2880 

47.97 

0 

0 

0 

0 

084 

50 

3000 

49.97 

0 

0 

0 

0 

085 

52 

3120 

51.97 

0 

0 

0 

0 

086 

54 

3240 

53.97 

0 

0 

0 

o 

087 

56 

3360 

55.97 

0 

0 

0 

0 

088 

58 

3480 

57.97 

0 

0 

0 

0 

089 

60 

3600 

59.97 

0 

0 

0 

0 

0 


iLUG-  Gui' 

Well  No.  .Mu-v. 


Lssina  viameter  =  2  in.  *  .  Aa7  r*. 

L-Asinc  ramus  tr^;  =  ,o83  ft. 

Lsnotn  of  screen  (L)  =  10.0  rt. 

Heiant  of  water  from  oase  ot  screen  ■  -  •  -  io.-44  rt. 
Radius  of  borenole  trM)  =  .344  r \ . 

*hi CK.ness  of  Aoiufer  tD)  ■  i.3.0 

£  =  i .  > 

/  tt  1  .  .. ..  /  t  0  •  .J  1  .<  t  =  1  t.  ’J  4  C  . 


I  i"1  f  K  m  *  f  w  1 


1.1 


in  H/  r„  ..  rw 


t .  i 


I  Inf  10.44/ .  j-»4)  >  10.0/  .u44) 


*  2.58 

K  =  HYDRAULIC  CONDUCTIVITY 


rc=  ln(R»/rwj  1 

K  =  - - x -  i  in  (  >  0,  >•  t  ,i 

:l  t 

(  *  06o  j  —  .  «  b  i 


K  =  . .  x  — 

2(10.0)  120 

K  =  1.00  x  10-*  f t-l/sec. 

K  =  0.87  ft. /da. 

K  »  3.06  x  10"*  cm. /sec. 

T  «  TRANSMISSIVITY 


in  (1.1 2/. 31 5) 


T  ■  <K)  (D)  (7.48  gpd/ft) 

T  -  (  0.87)  (  13.0)  (7.48) 

T  ■  34.60  gpd/ft 


SLUG  GUT  TEST 


5*s52sas5r-ssssssss55s55saas 

MONITOR  WELL  NUMBER: 

asssssses 

nw-02  te 

ST  i  ; 

ELEVATION  TOP  OF  CASING: 

36.87 

ELEVATION  WATER  (IN): 

ELEVATION  WATER  (OUT):  16.2  ! 

DEPTH  OF  WELL  (TOC): 

30.18 

DIAMETER  OF  CASING:  .167  FEET  J 

SCREEN  LENGTH  AND  INTERVAL: 

(0  FEET. 

15.5  TO  23.5  FEET  BELOW  GRADE  ! 

SCREEN/FILTER  TYPE: 

•;  10  PAR 

TIALL  <  ■'ENETRATING,  20/40  GRADE  SILICA  SAND 

AQUIFER  TYPE  AND  THICKNESS: 

- ILTY  SAND  nND  SAND .  l'J  TO  7  "EtT  BELOW  GRADE 

H(O)  TRANSLATION: 

1.4 

4(0)  THEORETICAL:  1.53 

INITIAL  CONSISTENT  VALUE: 

14.8 

TRANS.  METH.  (SLUG  OUT)  T(0):  .02 

FINAL  TRANSDUCER  VALUE: 

1 

CM  1 

•  | 

*0  1 
■*-4  | 

1 

1 

1 

1 

-Lift  TEST  CUT 


H' 


SAMPLE 

TIME 

TIME 

T(0) 

XD 

A/P  DATUM 

ii 

H/H ( 0 ) 

H/H (0 i 

DUMBER 

' MINUTES) 

(SECONDS) 

TRANS. 

READING 

TRANS. 

TRANS. 

TRANS. 

THEC-tj. 

000 

0 

0 

-.02 

14.64 

-.16 

1.56 

1.1143 

- p. 

1.0196 

001 

.0033 

.198 

-.0167 

16.12 

4 

1  -  Ok 

.08 

.0571 

.052  | 

002 

.0067 

.402 

-.0133 

14.86 

.  06 

1.34 

.9571 

.875.!' 

003 

.01 

.  6 

-.01 

15.33 

.  55 

.85 

.6071 

.5556 

004 

.  0133 

.798 

-.0067 

14.83 

,  03 

1.37 

.9786 

.895  j 

005 

.0167 

1.002 

- .  00o3 

14.94 

.  4 

1.26 

.9 

.823  \ 

006 

.02 

1.2 

0 

14.30 

0 

1.4 

1 

.915 

007 

.  0233 

1.398 

.  0033 

14.84 

.04 

1.36 

.9714 

.888°, 

008 

.0267 

1.602 

.0067 

•  .  co 

.08 

1.32 

.9429 

.862  j 

009 

.  03 

1.8 

.01 

i.  4 . 87 

.09 

1.31 

.9357 

.8562 

010 

•  0  j  Jo 

1.998 

.  0 133 

14.91 

.  il 

1.29 

.  9214 

.8431 . 

Oil 

.05 

■* 

.03 

i  3.90 

•  4. 

1  O 

X  m  4. 

.8571 

.784  | 

012 

.  0667 

4.002 

.046/ 

•  “* .  u8 

.23 

1.12 

.3 

.  '/Z'J 

0 1  j 

.  u633 

4.998 

.  0633 

i  5 .  i  o 

.  06 

1 . 04 

.7429 

.6797 

0 1 4 

.1 

D 

.03 

2  j  •  4-  w* 

.  -to 

v7 

.692? 

.63  i 

u  i  5 

.1167 

9.002 

.0967 

15.29 

.49 

.91 

.65 

.  594  1 

01 6 

.  1 233 

7.998 

.1133 

15.34 

.54 

:  .36 

.6143 

.  5621 

017 

.15 

9 

•  13 

15.40 

.  a 

.3 

.5714 

. 522" ) 

018 

.1667 

10.002 

.1467 

15.45 

.65 

.75 

.5357 

.490  j 

019 

.  1833 

10.998 

.  1633 

15.50 

.  f 

.7 

.5 

.4575 

020 

•  4- 

12 

.18 

15.54 

.  74 

.  66 

.4714 

.«1*. 

021 

.2167 

13.002 

.1967 

1 5 . 59 

.79 

.61 

.4357 

.398'  ; 

022 

-\-*r**? 

•  L  jj  j 

13.998 

.2133 

15.64 

.34 

.56 

.4 

•  36o ' 

023 

.25 

15 

•-N  -y 

•  4-0 

15.67 

.37 

.  53 

.3786 

.3464 

024 

.2667 

16.002 

.2467 

15.70 

.9 

.5 

.3571 

.326:  { 

025 

•  4*Q  j  J 

16.798 

•  t.6u  j 

15.73 

.93 

.47 

•  oo57 

.3072  > 

026 

.  3 

18 

.23 

15.77 

.97 

.43 

.3071 

.281 

027 

.3167 

19.002 

.2967  * 

•15. 80 

1 

.4 

.2857 

.261'  ] 

■'28 

•  vJ 

19.998 

.  3133 

15.83 

1.03 

.27 

.  2643 

.241;  1 

029 

.4167 

25.002 

.3967 

15.94 

1.14 

.  26 

.1857 

.1699 

030 

.5 

30 

.48 

16.00 

1.2 

n 

•  C 

.1429 

.1307  , 

031 

•  5833 

34.998 

« 5(Soo 

16.05 

1.25 

.15 

.1071 

.091  f 

032 

.  6667 

40.002 

.6467 

16.03 

1.28 

.12 

.0857 

.0784 

033 

.75 

45 

.73 

16.10 

1.3 

.  1 

.0714 

.0654 

034 

.  8333 

49.998 

.8133 

16.12 

1.32 

.08 

.0571 

.0525  1 

035 

.9167 

55.002 

.8967 

16.13 

1  •  JO 

.07 

.05 

.0458 

036 

1 

60 

.98 

16.13 

1  •  JJ 

.07 

.05 

.0458 

037 

1 . 0833 

64.998 

1 .0633 

16.13 

1.33 

.07 

.05 

•  045t  j 

038 

1.1667 

70.002 

1.1467 

16.15 

1.35 

.05 

.0357 

.0321  ! 

039 

1.25 

75 

1.23 

16.15 

1.35 

.05 

.0357 

.0327 

040 

1 .3333 

79.998 

1.3133 

16.16 

1.36 

.04 

.0286 

.0261  ) 

041 

1.4167 

85.002 

1.3967 

16.16 

1.36 

.04 

.0286 

.0261  1 

042 

1.5 

90 

1.48 

16.16 

1.36 

.04 

.0286 

.0261 

043 

1.583 

94.98 

1.563 

16.16 

1.36 

.04 

.0286 

.0261  , 

044 

1.6667 

100.002 

1.6467 

16.16 

1.36 

.04 

.0286 

.0261 

UG  TEST  OUT: 


H' 


SAMPLE 

TIME 

TIME 

T(0) 

:<D 

A/8  DATUM 

H 

H/H ( 0 ) 

H/H(  0 

NUMBER 

i MINUTES ) 

(SECONDS) 

TRANS. 

READING 

TRANS. 

TRAMS. 

TRANS. 

THEGR 

04  5 

1.75 

105 

1.73 

16. 16 

1 . 36 

.04 

.0286 

.0261 

046 

1.833 

109.98 

1.813 

16.16 

1  •  36 

.04 

.0286 

.0261 

047 

1.9167 

115.002  ‘ 

1.696 

16.13 

1.38 

.  02 

.0143 

.0131 

048 

u 

120 

1.98 

16.18 

1.38 

.02 

.0143 

.0131 

049 

2.5 

150 

2.48 

16.13 

1.38 

.02 

.0143 

.0131 

050 

180 

2 » 5  8 

t6.  i  O 

i .  38 

.02 

.0143 

.0131 

051 

o.5 

210 

3.46 

1  o .  <-0 

1.4 

1 . o j&“ 1 j 

0 

0 

052 

4 

240 

3.98 

1.6.20 

1.4 

1 . 3323e- 1 

0 

0 

053 

4.5 

270 

4.48 

16.20 

1.4 

1  .  O  O  j.  o  l£* t  5 

0 

0 

054 

5 

300 

4.98 

16.20 

1.4 

1 . 3323a1- 1 5 

0 

0 

055 

5.5 

330 

5. 46 

16 . 20 

1.4 

1 . 23i-3tr-i 

0 

0 

■•56 

3 

380 

5 . 98 

.  3 . 20 

L .  4 

l.o  o.2  3  &  ■■  L 

0 

■  >57 

390 

6 . 4  8 

:■ .  ..0 

l .  i 

1 .3223  f:  -  ■  ■ 

0 

*.* 

058 

7 

420 

3  •  73 

to.  — . 

1 . 4 

1.0 o<u  jS  "  l  .* 

0 

0 

05<? 

7.5 

4  50 

7.48 

16.20 

1.4 

1 . 3323e- t 5 

0 

0 

'.'60 

6 

430 

7.98 

16.20 

1.4 

1  *  Ovli.  jfi"  l  - 

0 

0 

061 

3.5 

510 

3.48 

16.20 

1.4 

1 .3323e-l5 

0 

0 

062 

9 

540 

8.98 

16.20 

1.4 

l .ooooe-i j 

0 

0 

063 

9.5 

570 

9.43 

16.20 

1.4 

1 . 332oe-l 5 

0 

0 

064 

10 

600 

9.98 

16.20 

1.4 

0 

0 

0 

065 

12 

720 

11.98 

0 

0 

0 

0 

■j66 

14 

840 

13.98  ' 

■  « 

0 

0 

0 

0 

067 

16 

960 

15.98 

0 

0 

0 

0 

’.>68 

18 

1080 

17.98 

0 

0 

0 

0 

069 

20 

1200 

19.98 

’) 

0 

0 

0 

'.-70 

— 

L.  4- 

1320 

21.98 

0 

0 

0 

0 

\>71 

24 

1440 

23.98 

0 

0 

0 

o 

"72 

26 

1560 

25.98 

V 

o 

0 

0 

073 

28 

1680 

-7.98 

t  / 

o 

0 

0 

074 

30 

1800 

29.98 

o 

0 

0 

0 

075 

JC 

1920 

31.98 

0 

0 

0 

o 

076 

34 

2040 

33.98 

0 

0 

0 

0 

077 

36 

2160 

35.98 

0 

0 

0 

0 

078 

38 

2280 

37.98 

0 

0 

0 

0 

079 

40 

2400 

39.98 

0 

0 

0 

0 

080 

42 

2520 

41.98 

0 

0 

0 

0 

081 

44 

2640 

43.98 

0 

0 

0 

0 

082 

46 

2760 

45.98 

0 

0 

0 

0 

083 

48 

2880 

47.98 

0 

0 

0 

0 

084 

50 

3000 

49.90 

0 

0 

0 

0 

005 

52 

3120 

51.98 

0 

0 

0 

0 

086 

54 

3240 

33.98 

0 

0 

0 

0 

087 

56 

3360 

55.98 

0 

0 

0 

0 

080 

58 

3480 

37.98 

0 

0 

0 

0 

089 

60 

3600 

59.98 

0 

0 

0 

A 

0 

0 


SLUG-  GUT  TEST  i 
Well  No.  rtW-02 


Casino  Diameter  =  2  in.  -  ,167  ft. 

Casing  radius  tre)  =  .083  ft. 

Lenath  of  screen  (L)  =  6.51  ft. 

Heignt  of  water  from  oase  of  screen  ii-i)  -•  s.51  ft. 

Radius  of  borehole  <  r w j  =  .344  ft. 

Thickness  of  Aquifer  iD)  =  9 .51  f*. 

C  =  1.75 

Y0  -  1.41  yt  =  0.170  t  -  30  sec. 


:  i.i  c 

ln(R./rwt  -  !  -  +  - 

!  In  H./rw  L/rw 


!  In (  o. 51/. 344)  (6.51 /.»>44)  ’ 

»  ,  , 

=  2.14 

K  «  HYDRAULIC  CONDUCTIVITY 

rc=  In i K.,  rw)  1 


K  -  -  x -  x  iinya/vt) 

ZL  t 

(.083)"  (1.14)  1 

K  =  -  x  —  x  In  (1.41/. 170) 

2(6.51)  30 

K  =  7.98  x  I0“e  ft. /sec. 

K  =  6.90  ft. /da. 


a  K  =  2.43  x  10“3  c«. /sec. 

T  -  TRANSHISSIVITY 

T  =  (K)  (D)  (7.48  gpd/ft) 

T  ■  (6.90)  (  9.51)  (7.48) 


T  ■  490.83  opd/ft 


SLUG  OUT  TEST 


! :s:sss8S8:s88sss&ss99»9p>... _ _ _ 

MONITOR  WELL  NUMBER: 

MW-02  TEST  2 

ELEVATION  TOP  OF  CASING: 

36 . 87 

l 

? 

ELEVATION  WATER  (IN): 

ELEVATION  WATER  (OUT): 

16.2  ; 

DEPTH  OF  WELL  (TOC): 

30.18  DIAMETER  OF  CASING: 

167  FEET  1 

SCREEN  LENGTH  AND  INTERVAL: 

10  FEET.  15.5  TO  25.5  FEET  BELOW 

GRADE  ' 

SCREEN/FILTER.  TYPE: 

*  10  PARTIALLY  PENETRATING/  20/40  GRADE  SILICA  SAND  ' 

AQUIFER  TYPE  AND  THICKNESS: 

SILTY  SAND  AND  SAND.  18  TO  ?  FEE 

T  BELOW  GRADE  j 

H( 0 )  TRANSLATION: 

,1.33  H( 0)  THEORETICAL: 

ri .  53  | 

INITIAL  CONSISTENT  VALUE: 

14.8  TRANS.  METH.  (SLUG  OUT) 

T (0 ) :  .0233  1 

FINAL  TRANSDUCER  VALUE: 

16.18 

i 

i 

\ 

l 


SLUG  TEST  OUT: 


SAMPLE 

NUMBER 

TIME 

MINUTES) 

TIME 

(SECONDS) 

T(0) 

TRANS. 

XD 

READING 

H' 

A/B  DATUM 
TRANS. 

H 

TRANS. 

H/H(0) 

TRANS. 

H/H(0) 

THEOR. 

OOO 

0 

0 

-.0233 

16.40 

1.6 

-.22 

-.1594 

-.1438 

001 

.0033 

.198 

-.02 

14.84 

.04 

1.34 

.971 

.8758 

002 

.0067 

.402 

-.0166 

15.69 

.89 

.49 

.3551 

.3203 

003 

.01 

.6 

-.0133 

15.10 

.3 

1.08 

.7826 

.7059 

004 

.0133 

.798 

-.01 

15.07 

.27 

1.11 

.8043 

.7255 

005 

.0167 

1.002 

-.0066 

15.03 

.23 

1.15 

.8333 

.7516 

006 

.02 

1.2 

-.0033 

14.83 

.03 

1.35 

.9783 

.8824 

007 

.0233 

1.398 

0 

14.80 

0 

1.38 

1 

.902 

008 

.0267 

1.602 

.0034 

14.86 

.06 

1.32 

.9565 

.8627 

009 

.03 

1.8 

.0067 

14.88 

.08 

1.3 

.942 

.8497 

010 

.0333 

1.998 

.01 

14.91 

.11 

1.27 

.9203 

.8301 

Oil 

.05 

3 

.0267 

14.99 

.19 

1.19 

.8623 

.7778 

012 

.0667 

4.002 

.0434 

15.07 

.27 

1.11 

.8043 

.7255 

013 

.0833 

4.998 

.06 

15.15 

.35 

1.03 

.7464 

.6732 

014 

.1 

6 

.0767 

15.21 

.41 

.97 

.7029 

.634 

015 

.1167 

7.002 

.0934 

15.27 

.47 

.91 

.6594 

.5948 

016 

.1333 

7.998 

.11 

15.34 

.54 

.84 

.6087 

.549 

017 

.15 

9 

.1267 

15.38 

.58 

.8 

.5797 

.5229 

018 

.1667 

10.002 

.1434 

15.45 

.65 

.73 

.529 

.4771 

019 

.1833 

10.998 

.16 

15.50 

.7 

.68 

.4928 

.4444 

020 

.2 

12 

.1767 

15.55 

.75 

.63 

.4565 

.4118 

021 

.2167 

13.002 

.1934 

15.59 

.79 

.59 

.4275 

.3856 

022 

.2333 

13.998 

.21 

15.62 

.82 

.56 

.4058 

.366 

023 

.25 

15 

.2267 

15.65 

.85 

.53 

.3841 

.3464 

024 

.2667 

16.002 

.2434 

15.70 

.9 

.48 

.3478 

.3137 

025 

.2833 

16.998 

.26 

15.73 

.93 

.45 

.3261 

.2941 

026 

.3 

18 

.2767 

15.77 

.97 

.41 

.2971 

.268 

027 

.3167 

19.002 

.2934 

15.80 

1 

.38 

.2754 

.2484 

028 

.3333 

19.998 

.31 

15.81 

1.01 

.37 

.2681 

.2418 

029 

.4167 

25.002 

.3934 

15.92 

1.12 

.26 

.1884 

.1699 

030 

.5 

30 

.4767 

15.99 

1.19 

.19 

.1377 

.1242 

031 

.5833 

34.998 

.56 

16.04 

1.24 

.14 

.1014 

.0915 

032 

.6667 

40.002 

.6434 

16.07 

1.27 

.11 

.0797 

.0719 

033 

.75 

45 

.7267 

16.08 

1.28 

.1 

.0725 

.0654 

034 

.8333 

49.998 

.81 

16.10 

1.3 

.08 

.058 

.0523 

035 

.9167 

55.002 

.8934 

16.12 

1.32 

.06 

.0435 

.0392 

036 

1 

60 

.9767 

16.12 

1.32 

.06 

.0435 

.0392 

037 

1.0833 

64.998 

1.06 

16.13 

1.33 

.05 

.0362 

.0327 

038 

1.1667 

70.002 

1.1434 

16.13 

1.33 

.05 

.0362 

.0327 

039 

1.25 

75 

1.2267 

16.15 

1.35 

.03 

.0217 

.0196 

040 

1.3333 

79.998 

1.31 

16.15 

1.35 

.03 

.0217 

.0196 

041 

1.4167 

85.002 

1.3934 

16.15 

1.35 

.03 

.0217 

.0196 

042 

1.5 

90 

1.4767 

16.15 

1.35 

.03 

.0217 

.0196 

043 

1.583 

94.98 

1.5597 

16.15 

1.35 

.03 

.0217 

.0196 

044 

1.6667 

100.002 

1.6434 

16.16 

1.36 

.02 

.0145 

.0131 

SLUG  TEST 

OUT: 

n  * 

SAMPLE 

TIME 

TIME 

T(0 ) 

XD 

H 

A/B  DATUM 

H 

H/H(0) 

H/Hr ) 

NUMBER 

(MINUTES) 

(SECONDS)  TRANS. 

READING 

TRANS. 

TRANS. 

TRANS. 

THEC  . 

045 

1.75 

105 

1.7267 

16.16 

1.36 

.02 

.0145 

.OK 

046 

1.833 

109.98 

1.8097 

16.16 

1.36 

.02 

.0145 

.01  oi 

047 

1.9167 

115.002 

1.8934 

16.16 

1.36 

.02 

.0145 

.0131 

048 

2 

120 

1.9767 

16.16 

1.36 

.02 

.0145 

.OK 

049 

2.5 

150 

2.4767 

16.18 

1.38 

8.8818e-16 

0 

0 

050 

3 

180 

2.9767 

16.18 

1.38 

8.8818e-16 

0 

0 

051 

3.5 

210 

3.4767 

16.18 

1.38 

8.8818e-16 

0 

0 

052 

4 

240 

3.9767 

16.18 

1.38 

8.8818e-16 

0 

0 

053 

4.5 

270 

4.4767 

16.18 

1.38 

8.8818e-16 

0 

0 

054 

5 

300 

4.9767 

16.18 

1.38 

8.8818e-16 

0 

0 

055 

5.5 

330 

5.4767 

16.18 

1.38 

8.8818e-l6 

0 

0 

056 

6 

360 

5.9767 

16.18 

1.38 

8.8818e-l6 

0 

0 

057 

6.5 

390 

6.4767 

16.18 

1.38 

8.8818e-16 

0 

0 

058 

7 

420 

6.9767 

16.18 

1.38 

8.8818e-16 

0 

0 

059 

7.5 

450 

7.4767 

16.18 

1.38 

8.8818e-16 

0 

0 

060 

8 

480 

7.9767 

16.18 

1.38 

8.8818e-l6 

0 

0 

061 

8.5 

510 

8.4767 

16.18 

1.38 

8.8818e-16 

0 

0 

062 

9 

540 

8.9767 

16.18 

1.38 

8.8818e-16 

0 

0 

063 

9.5 

570 

9.4767 

16.18 

1.38 

8.8818e-16 

0 

0 

064 

10 

600 

9.9767 

16.18 

1.38 

0 

0 

0 

065 

12 

720 

11.9767 

0 

0 

0 

0 

066 

14 

840 

13.9767 

0 

0 

0 

0 

067 

16 

960 

15.9767 

0 

0 

0 

0 

068 

18 

1080 

17.9767 

0 

0 

0 

0 

069 

20 

1200 

19.9767 

0 

0 

0 

0 

070 

22 

1320 

21.9767 

0 

0 

0 

0 

071 

24 

1440 

23.9767 

0 

0 

0 

0 

072 

26 

1560 

25.9767 

0 

0 

0 

0 

073 

28 

1680 

27.9767 

0 

0 

0 

0 

074 

30 

1800 

29.9767 

0 

0 

0 

0 

075 

32 

1920 

31.9767 

0 

0 

0 

0 

076 

34 

2040 

33.9767 

0 

0 

0 

0 

077 

36 

2160 

35.9767 

0 

0 

0 

0 

078 

38 

2280 

37.9767 

0 

0 

0 

0 

079 

40 

2400 

39.9767 

0 

0 

0 

0 

080 

42 

2520 

41.9767 

0 

0 

0 

0 

081 

44 

2640 

43.9767 

0 

0 

0 

0 

082 

46 

2760 

45.9767 

0 

0 

0 

0 

083 

48 

2880 

47.9767 

0 

0 

0 

0 

084 

50 

3000 

49.9767 

0 

0 

0 

0 

085 

52 

3120 

51.9767 

0 

0 

0 

0 

086 

54 

3240 

53.9767 

0 

0 

0 

0 

087 

56 

3360 

55.9767 

0 

0 

0 

0 

088 

58 

3480 

57.9767 

0 

0 

0 

0 

089 

60 

3600 

59.9767 

0 

0 

0 

0 

0 


SEMI-LOG ARI  THMIC 
KturrtL  *  isstR  co 


j  L  U  G  —  OUT 
Well  t io .  i'IW-01 


Casino  diameter  =  Z  in.  =  .187  re. 

Casino  radius  ire,i  =  .083  ft. 
uenath  of  screen  il)  =  5. 51  ft. 

Heiant  or  water  from  case  of  screen  (li)  -  5. 51  ft. 

Radius  of  borenole  (rM)  =  .344  r+. 

Thickness  of  AauiTer  ^D)  =  9.51  ft. 

C  =  1.75 

v0  =  1.40  y t  =  0.165  t  =  50  sec. 


1  n  (  R «.y  f  m  } 


1.1 

In  H/ r„ 


;  i.i  i.7f 

I  1 n (  6. 51/. 344)  6. 51/. 344) 

*  2.14 

K  ■  HYDRAULIC  CONDUCTIVITY 

rc2  In t F:./r„  1 

K  =  — . . 

2L 

'.U63)=  '2.141  1 

K  =  -  x  -  x  In  ( 1 .40/.  io 

2(6.51)  30 

K  =  8.07  x  10"“  ft. /sec. 

K  =  6.97  ft. /da. 

K  =  2.46  x  10"3  cm. /sec. 

T  »  TRANSMISSIVITY 

T  -  (K)  (D)  (7.48  qpd/ft) 

T  •  (  6.97)  (  9.51)  (7.48) 


1 

t -  t  lnty0/yt.i 


T  ■  495.81  gpp/ft 


SLUG  IN  TEST 


NON! TOR  WELL  MUMPER : 

MW-o,; 

:  ELEVATION  TOP  OF  CASING: 

37 .  a 

ELEVATION  WATER  (IN): 

26 .  o3 

ELEVATION  WATER  (OUT): 

;  DEPTH  OF  WELL  (TOC): 

i.  5  •  0  j 

DIAMETER  OF  CASING:  .167  FEET 

! SCREEN  LENGTH  AND  INTERVAL: 

10  FEET. 

10.5  TO  20.5  FEET  BELOW  GRADE 

SCREEN/FILTER  TYPE: 

tt  10  FULL 

i  PENETRATING/  20/40  GRADE  SILICA  SAND  ' 

'  AQUIFER  TYPE  AND  THICKNESS: 

'rlLIY  SAND  AMD  CLAYEY  SILT.  12  TO  14.5  FEET  BELOW  GRADE  ; 

H(0>  TRANSLATION: 

1.05 

H'O)  THEORETICAL:  1.53  ; 

INITIAL  CONSISTENT  VALUE: 

27.77 

TRANS.  P1ETH.  (SLUG  IN)  T (0) :  .0667 

FINAL  TRANSDUCER  VALUE: 

26.72 

) 

SLUG  TEST 

SAMPLE 

NUMBER 

IN: 

TIME 

(MINUTES) 

TIME 

(SECONDS) 

T(0) 

TRANS. 

XD 

READING 

H' 

A/B  DATUM 
TRANS. 

H 

TRANS. 

H/H(0) 

TRANS. 

H/H(0) 

THEOR. 

000 

0 

0 

-.0667 

28.07 

.3 

.75 

.7143 

.4902 

001 

.0033 

.198 

-.0634 

27.75 

.02 

1.03 

.981 

.6732 

002 

.0067 

.402 

-.06 

28.18 

.41 

.64 

.6095 

.4183 

003 

.01 

.6 

-.0567 

29.06 

1.29 

-.24 

-.2286 

-.1569 

004 

.0133 

.798 

-.0534 

27.58 

.19 

.86 

.819 

.5621 

005 

.0167 

1.002 

-.05 

27.59 

.18 

.87 

.8286 

.5686 

006 

.02 

1.2 

-.0467 

28.39 

.62 

.43 

.4095 

.281 

007 

.0233 

1.398 

-.0434 

28.80 

1.03 

.02 

.019 

.0131 

008 

.0267 

1.602 

-.04 

28.26 

.49 

.56 

.5333 

.366 

009 

.03 

1.8 

-.0367 

28.15 

.38 

.67 

.6381 

.4379 

010 

.0333 

1.998 

-.0334 

28.25 

.48 

.57 

.5429 

.3725 

Oil 

.05 

3 

-.0167 

28.52 

.75 

.3 

.2857 

.1961 

012 

.0667 

4.002 

0 

27.77 

0 

1.05 

1 

.6863 

013 

.0833 

4.998 

.0166 

27.72 

.05 

1 

.9524 

.6536 

014 

.1 

6 

.0333 

27.71 

.06 

.99 

.9429 

.6471 

015 

.1167 

7.002 

.05 

27.66 

.11 

.94 

.8952 

.6144 

016 

.1333 

7.998 

.0666 

27.64 

.13 

.92 

.8762 

.6013 

017 

.15 

9 

.0833 

27.61 

.16 

.89 

.8476 

.5817 

018 

.1667 

10.002 

.1 

27.58 

.19 

.86 

.819 

.5621 

019 

.1833 

10.998 

.1166 

27.56 

.21 

.84 

.8 

.549 

020 

.2 

12 

.1333 

27.53 

.24 

.81 

.7714 

.5294 

021 

.2167 

13.002 

.15 

27.53 

.24 

.81 

.7714 

.5294 

022 

.2333 

13.998 

.1666 

27.52 

.25 

.8 

.7619 

.5229 

023 

.25 

15 

.1833 

27.50 

.27 

.78 

.7429 

.5098 

024 

.2667 

16.002 

.2 

27.48 

.29 

.76 

.7238 

.4967 

025 

.2833 

16.998 

.2166 

27.47 

.3 

.75 

.7143 

.4902 

026 

.3 

18 

.2333 

27.47 

.3 

.75 

.7143 

.4902 

027 

.3167 

19.002 

.25 

27.45 

.32 

.73 

.6952 

.4771 

028 

.3333 

19.998 

.2666 

27.44 

.33 

.72 

.6857 

.4706 

029 

.4167 

25.002 

.35 

27.39 

.38 

.67 

.6381 

.4379 

030 

.5 

30 

.4333 

27.34 

.43 

.62 

.5905 

.4052 

031 

.5833 

34.998 

.5166 

27.31 

.46 

.59 

.5619 

.3856 

032 

.6667 

40.002 

.6 

27.28 

.49 

.56 

.5333 

.366 

033 

.75 

45 

.6833 

27.25 

.52 

.53 

.5048 

.3464 

034 

.8333 

49.998 

.7666 

27.21 

.56 

.49 

.4667 

.3203 

035 

.9167 

55.002 

.85 

27.18 

.59 

.46 

.4381 

.3007 

036 

1 

60 

.9333 

27.17 

.6 

.45 

.4286 

.2941 

037 

1.0833 

64.998 

1.0166 

27.13 

.64 

.41 

.3905 

.268 

038 

1.1667 

70.002 

1.1 

27.12 

.65 

.4 

.381 

.2614 

039 

1.25 

75 

1.1833 

27.10 

.67 

.38 

.3619 

.2484 

040 

1.3333 

79.998 

1.2666 

27.07 

.7 

.35 

.3333 

.2288 

041 

1.4167 

85.002 

1.35 

27.05 

.72 

.33 

.3143 

.2157 

042 

1.5 

90 

1.4333 

27.04 

.73 

.32 

.3048 

.2092 

043 

1.583 

94.98 

1.5163 

27.02 

.75 

.3 

.2857 

.1961 

044 

1.6667 

100.002 

1.6 

27.01 

.76 

.29 

.2762 

.1895 

SLUG  TEST  IN: 

H' 


SAMPLE 

NUMBER 

TIME 

(MINUTES) 

TIME 

( SECONDS ) 

T(0) 

TRANS. 

XD 

READING 

A/B  DATUM 
TRANS. 

H 

TRANS. 

H/H(0) 

TRANS. 

H/H( 0  : 
THEOR. 

045 

1.75 

105 

1.6833 

26.99 

.8 

.25 

.2381 

.1634 

046 

1.833 

109.98 

1.7663 

26.97 

.81 

.24 

.2286 

.1569 

047 

1.9167 

115.002 

1.85 

26.96 

.81 

.24 

.2286 

.1569 

048 

2 

120 

1.9333 

26.96 

.87 

.18 

.1714 

.1176 

049 

2.5 

150 

2.4333 

26.90 

.92 

.13 

.1238 

.085 

050 

3 

180 

2.9333 

26.85 

.95 

.1 

.0952 

.0654 

051 

3.5 

210 

3.4333 

26.82 

.97 

.08 

.0762 

.0523 

052 

4 

240 

3.9333 

26.80 

.99 

.06 

.0571 

.  0392 

053 

4.5 

270 

4.4333 

26.78 

1 

.05 

.0476 

.0327 

054 

5 

300 

4.9333 

26.77 

1.02 

.03 

.0286 

.0196 

055 

5.5 

330 

5.4333 

26.75 

1.02 

.03 

.0286 

.0196 

056 

6 

360 

5.9333 

26.75 

1.03 

.02 

.019 

.0131 

057 

6.5 

390 

6.4333 

26.74 

1.03 

.02 

.019 

.0131 

058 

7 

420 

6.9333 

26.74 

1.03 

.02 

.019 

.0131 

059 

7.5 

450 

7.4333 

26.74 

1.03 

.02 

.019 

.0131 

060 

8 

480 

7.9333 

26.74 

1.05 

-6.661e~16 

0 

0 

061 

8.5 

510 

8.4333 

26.72 

1.05 

-6.661e-16 

0 

0 

062 

9 

540 

8.9333 

26.72 

1.05 

-6.661e-16 

0 

0 

063 

9.5 

570 

9.4333 

26.72 

1.05 

-6.661e-16 

0 

0 

064 

10 

600 

9.9333 

26.72 

0 

0 

0 

0 

065 

12 

720 

11.9333 

0 

0 

0 

0 

066 

14 

840 

13.9333 

0 

0 

0 

0 

067 

16 

960 

15.9333 

0 

0 

0 

0 

068 

18 

1080 

17.9333 

0 

0 

0 

0 

069 

20 

1200 

19.9333 

0 

0 

0 

0 

070 

22 

1320 

21.9333 

0 

0 

0 

0 

071 

24 

1440 

23.9333 

0 

0 

0 

0 

072 

26 

1560 

25.9333 

0 

0 

0 

0 

073 

28 

1680 

27.9333 

0 

0 

0 

0 

074 

30 

1800 

29.9333 

0 

0 

0 

0 

075 

32 

1920 

31.9333 

0 

0 

0 

0 

076 

34 

2040 

33.9333 

0 

0 

0 

0 

077 

36 

2160 

35.9333 

0 

0 

0 

0 

078 

38 

2280 

37.9333 

0 

0 

0 

0 

079 

40 

2400 

39.9333 

0 

0 

0 

0 

080 

42 

2520 

41.9333 

0 

0 

0 

0 

081 

44 

2640 

43.9333 

0 

0 

0 

0 

082 

46 

2760 

45.9333 

0 

0 

0 

0 

083 

48 

2880 

47.9333 

0 

0 

0 

0 

084 

50 

3000 

49.9333 

0 

0 

0 

0 

085 

52 

3120 

51.9333 

0 

0 

0 

0 

086 

54 

3240 

53.9333 

0 

0 

0 

0 

087 

56 

3360 

55.9333 

0 

0 

0 

0 

088 

58 

3480 

57.9333 

0 

0 

0 

0 

089 

60 

3600 

59.9333 

0 

0 

0 

0 

K*E 


SLUG-  lu 
Well  Mo.  . iui— 03 


Casino  Diameter  -  2  in.  =  ,  io7  f*. . 

Casino  radius  <re)  =  .u33  ft. 

Lenath  of  screen  L j  -  10. 0  f*. 

Height  of  water  from  case  >rr  screen  •  r- «  -  1.0.00  rt. 
Radius  of  borehole  1  rw j  =  .344  r  . 

Thickness  of  Aauifer  •  E* )  ~  -.1.5  *. 

C  -  j.  .  7  0 

ya  -  0.84  /t  ®  0.220  '•  =  CO  sec. 


J.n<  R».  r„) 


1.1  0 

In  H' r„  L/rw 


;  1.1  i . so  : 

—  ,  —  —  —————  ———  —  ———  — —  — —  ( 

In  (  10. 86/ .  344 '1  (10.0/. 344)  , 

=  2.60 

K  =  HYDRAULIC  CONDUCTIVITY 

rc2  ln(R»/'r«,)  1 

K  =  -  x -  x  lniya//tJ 

2L  r. 

1 . 0S3)=  ■  1.60)  1 

K  =  -  x  -  x  In  (0.84/.  120) 

2(10.01  120 

K  =  1.00  x  10_B  ft. /sec. 

K  =  0.86  ft. /da. 

K  *  3.05  x  10“*  cm. /sec. 

T  -  TRANSMISSIVITY 

T  ■  (K)  (D)  (7.48  <3 pd/ft) 

T  ■  (0.86)  (  2*5  )  (7.40) 

T  ■ 


16.00  gpd/ft 


SLUG  OUT  TE3" 


MONITOR  WELL  NUMBER : 

-  ^ 
;iw-03  ;  ; 

ELEVATION  TOP  OF  CASING: 

i 

37,8  ; 

ELEVATION  WATER  (IN): 

ELEVATION  WATER  (OUT):  20.63  -  * 

t'EF'TH  OF  WELL  (TOO: 

25.03  LIAMETER  OF  CASING:  .167  FEET  ,j 

SCREEN  LENGTH  AND  INTERVAL: 

10  FEET.  10.5  TO  20.5  FEET  BELOW  GRADE  1 

SCREEN/FILTER  TYPE: 

>4  10  FULLY  PENETRATING/  20/40  GRADE  SILICA  SAND  ] 

AQUIFER  TYPE  AND  THICKNESS: 

"  i 

SILTY  SAND  AND  CLAYEY  SILT,  12  TO  14.5  FEET  BELOW  GRADE  j 

H ( 0 )  TRANSLATION: 

1.37  H(0)  THEORETICAL:  1.53 

INITIAL  CONSISTENT  VALUE: 

25.32  TRANS.  METH.  (SLUG  OUT)  7(0):  .0233 

FINAL  TRANSDUCER  VALUE: 

26.69  ; 

SLUG  TEST 

SAMPLE 

NUMBER 

OUT : 

TIME 
MINUTES  5 

TIME 

< SECONDS! 

T(0) 

TRANS. 

XD 

READING 

H* 

A/B  DATUM 
TRANS. 

H 

TRANS. 

H/H(  0 
TRANS. 

H/H(0 

THEOR . 

000 

0 

0 

-.0233 

26 . 96 

1.64 

- .  S'7 

-.1971 

-.1765 

001 

.0033 

.198 

-.02 

26.34 

1.02 

.35 

.2555 

.2288 

002 

.0067 

.402 

-.0166 

25.81 

.49 

.88 

.6423 

.5752 

003 

.01 

.6 

-.0133 

25.45 

.13 

1.24 

.9051 

.3105 

004 

.0133 

.798 

-.01 

25 . 62 

.3 

1.07 

.781 

.6993 

005 

.0167 

1.002 

-.0066 

25.13 

-.19 

1.56 

1.1387 

1.0196 

006 

.02 

1.2 

-.0033 

25.46 

.14 

y  O') 

.3978 

.8039 

007 

.0233 

1.398 

0 

25.32 

0 

1.37 

1 

.3954 

008 

.0267 

1.602 

.0034 

25.39 

.07 

1.3 

.9489 

.3497 

009 

.03 

1.8 

.0067 

25 . 42 

.1 

1  27 

.927 

.8301 

010 

.0333 

1.998 

.01 

25.43 

.11 

1.26 

.9197 

.8235 

oil 

.05 

3 

.0267 

25 . 50 

.18 

’  19 

.8686 

-77P 

012 

.  0667 

4 . 002 

.  0434 

25.5*3 

.24 

.  io 

.3248 

.-386 

013 

.0833 

4.998 

.  06 

25 .61 

-  •  ou 

.  "383 

'•^CO 

014 

6 

.  0767 

25.66 

.34 

1.03 

."518 

.5732 

015 

.1167 

7.002 

.0934 

25.69 

.37 

1 

.7299 

.  6536 

016 

.1333 

7.998 

.11 

25. 7„ 

.4 

.97 

.706 

.634 

017 

.15 

9 

.1267 

25.75 

.43 

.94 

.6861 

.6144 

018 

.1667 

10.002 

.1434 

25.77 

.45 

.92 

.6715 

.6013 

019 

.1833 

10.998 

.16 

25.78 

.46 

.91 

.6642 

.5948 

020 

.2 

12 

.1767 

25.81 

.49 

.88 

.6423 

.5752 

021 

.2167 

13.002 

.1934 

25.83 

.51 

.86 

.6277 

.5621 

022 

.2333 

13.998 

.21 

25.85 

.53 

.84 

.6131 

.549 

023 

.25 

15 

.2267 

25.86 

.54 

.83 

.6058 

.  5425 

024 

.2667 

16.002 

.2434 

25.88 

.56 

.81 

.5912 

.5294 

025 

.2833 

16.998 

.26 

25.89 

.57 

.8 

.5839 

.5229 

026 

.3 

18 

.2767 

25.91 

.59 

.78 

.5693 

.5098 

027 

.3167 

19.002 

.2934 

25 . 93 

.61 

T6 

.5547 

.4967 

028 

.3333 

19.998 

.31 

25.99 

.67 

n 

.  i 

.5109 

.4575 

029 

.4167 

25.002 

.3934 

25.99 

.67 

#  7 

.5109 

.4575 

030 

.5 

30 

.4767 

26.04 

.72 

.65 

.4745 

.4248 

031 

.5833 

34.998 

.56 

26.08 

.76 

.61 

.4453 

.3987 

032 

.6667 

40.002 

.6434 

26.12 

.8 

.57 

.4161 

.3725 

033 

.75 

45 

.7267 

26.15 

.83 

.54 

.3942 

.3529 

034 

.8333 

49.998 

.81 

26.18 

.86 

.51 

.3723 

.3333 

035 

.9167 

55.002 

.8934 

26.21 

.89 

.48 

.3504 

.3137 

036 

1 

60 

.9767 

26.23 

.91 

.46 

.3358 

.3007 

037 

1.0833 

64.998 

1.06 

26.24 

.92 

.45 

.3285 

.2941 

038 

1.1667 

70.002 

1.1434 

26.28 

.96 

.41 

.2993 

.268 

039 

1.25 

75 

1.2267 

26.29 

.97 

.4 

.292 

.2614 

040 

1 . 3333 

79.998 

1.31 

26.31 

.99 

.38 

.2774 

.2484 

041 

1.4167 

85.002 

1.3934 

26.34 

1.02 

.35 

.2555 

.2288 

042 

1.5 

90 

1 . 4767 

26.35 

1.03 

.34 

.2482 

.2222 

043 

1.583 

94.98 

1.5597 

26.37 

1.05 

.32 

.2336 

.2092 

044 

1 . 6667 

100.002 

1.6434 

26.39 

1.07 

.3 

.219 

.1961 

SLUG  TEST 

OUT: 

SAMPLE 

TIME 

TIME 

T(0) 

XD 

H 

A/B  DATUM 

H 

H/H(  0 ) 

H/H 

NUMBER 

MINUTES) 

< SECONDS ) 

TRANS. 

READING 

TRANS. 

TRANS. 

TRANS. 

THE..-. 

045 

1.75 

105 

1 . 7267 

26.40 

1.08 

.29 

.2117 

.18  > 

046 

1.833 

109.98 

1.8097 

26.40 

1.08 

.29 

.2117 

.1895 

047 

1.9167 

115.002 

1.8934 

26.42 

1.1 

.27 

.1971 

.17*6 

048 

2 

120 

1.9767 

26.43 

1.11 

.26 

.1898 

.16  ) 

049 

2.5 

150 

2.4767 

26.50 

1.18 

.19 

.1387 

.1242 

050 

3 

180 

2.9767 

26.55 

1.23 

.14 

.1022 

.0915 

051 

3.5 

210 

3.4767 

26.58 

1.26 

.11 

.0803 

.07  ) 

052 

4 

240 

3.9767 

26.61 

1.29 

.08 

.0584 

.  05«.o 

053 

4.5 

270 

4.4767 

26.63 

1.31 

.06 

.0438 

.0392 

054 

5 

300 

4.9767 

26.63 

1.31 

.06 

.0438 

.03  : 

055 

5.5 

330 

5.4767 

26.64 

1.32 

.05 

.0365 

.03  ' 

056 

6 

360 

5.9767 

26.66 

1.34 

.03 

.0219 

.0196 

057 

6.5 

390 

6.4767 

26.67 

1.35 

.02 

.0146 

.oi": 

058 

7 

420 

6.9767 

26.67 

1.35 

.02 

.0146 

.01 

059 

7.5 

450 

7.4767 

26.67 

1.35 

.02 

.0146 

.0131 

060 

8 

480 

7.9767 

26.67 

1.35 

.02 

.0146 

.0171 

061 

8.5 

510 

8.4767 

26.69 

1.37 

-8.882e-16 

0 

0 

062 

9 

540 

3.9767 

26.69 

1.37 

-8.882e-16 

0 

0 

063 

9.5 

570 

9.4767 

26.69 

1.37 

-8.882e-16 

0 

0 

064 

10 

600 

9.9767 

26.69 

1.37 

0 

0 

0 

065 

12 

720 

11.9767 

0 

0 

0 

0 

066 

14 

840 

13.9767 

0 

0 

0 

0 

067 

16 

960 

15.9767 

0 

0 

0 

0 

068 

18 

1080 

17.9767 

0 

0 

0 

0 

069 

20 

1200 

19.9767 

0 

0 

0 

0 

070 

22 

1320 

21.9767 

0 

0 

0 

0 

071 

24 

1440 

23.9767 

0 

0 

0 

o 

072 

26 

1560 

25.9767 

0 

0 

0 

o 

073 

28 

1680 

27.9767 

0 

0 

o 

0 

074 

30 

1800 

29.9767 

0 

0 

0 

0 

075 

32 

1920 

31.9767 

0 

0 

0 

0 

076 

34 

2040 

33.9767 

0 

0 

0 

0 

077 

36 

2160 

35.9767 

0 

0 

0 

0 

078 

38 

2280 

37.9767 

0 

0 

0 

0 

079 

40 

2400 

39.9767 

0 

0 

0 

0 

080 

42 

2520 

41.9767 

0 

0 

0 

o 

081 

44 

2640 

43.9767 

0 

0 

0 

0 

082 

46 

2760 

45.9767 

0 

0 

0 

0 

083 

48 

2880 

47.9767 

0 

0 

0 

0 

084 

50 

3000 

49.9767 

0 

0 

0 

0 

085 

52 

3120 

51.9767 

0 

0 

0 

0 

086 

54 

3240 

53.9767 

0 

0 

0 

0 

087 

56 

3360 

55.9767 

0 

0 

0 

0 

088 

58 

3480 

57.9767 

0 

0 

0 

0 

089 

60 

3600 

59.9767 

0 

0 

0 

0 

0 


SLUG-  OUT 
Well  No.  PI  til 


Casino  Diameter  =  2  in.  -  .167  ft. 

Casinq  radius  (rc)  =  .083  ft. 

uencun  of  screen  (L)  =  10.0  ft. 

Heiaht  of  water  from  oase  or  screen  < -t  •  •-  10.86  it. 
Radius  of  borehole  trw;  =  .344  ft. 

ThicKness  of  Aquifer  ID)  =  2.5  rt. 

C  =  l.'/O 

>'o  =  0.81  yt  =  0.25  t  =  120  sec. 


i  1.1  1.7'G 

:  lnt 10.86/ .344)  (10.0/. 344)  ; 

=  2.60 

K  =  HYDRAULIC  CONDUCTIVITY 

rca  InlR./r,.)  1 

K  -  -  x -  .  in  i  y„/  v  t 

2L  t 

t . 083 )  -  i 2 • 60 )  1 

K  =  -  *  -  i  In  (0.81/. 2 

2(10.0)  120 

K  ■  8.77  x  10“*  ft. /sec. 

K  =  0.76  ft. /da. 

K  =  2.67  x  10"*  ca./sec. 

T  «  TRANBHI8BIVITY 

T  -  (K)  (D)  (7.48  gpd/f t) 

T  -  (0.76)  (  2.5  )  (7.48) 

T  - 


14.21  qpd/ft 


SLUG  OUT  "57 


MONITOR  WELL  NUMBER : 

TIW-L'i  :  E 

2  !  1 

ELEVATION  TOP  OF  CASING: 

.  ? .  s : 

ELEVATION  WATER  i IN): 

ELEVATION  WATER:  i  uUT  ) .  1.3.07 

DEPTH  ur  WELL  ;TOC»: 

<.6.  / 

.  lAHETCR  >F  CnSING:  .167  FEET 

SCREEN  LENGTH  AND  INTERVAL: 

1 O  REET. 

.0.0  TO  i-O.O  FEET  r^LOW  GRADE 

zCREEN/ FILTER  -E: 

■<  i 

i  Ai_i_  ,  “  uETR  A  T  IiTG/  -  .  •  a.)  .jTAI'E  ;.lI_.A  ;HNB 

mOUIFER  'I  PE  AND  THICKNESS: 

•S-ATE  - 

Nu  rli-Ti  -AND,  iO  TO  T  FEET  TELC-i  I’h.aDE 

H(O)  TRANSLATION: 

1.2? 

-'•0)  THEOhET  Iv.  AL ;  1  • 

INITIAL  CONSISTENT  VALUE : 

01.96 

PANS.  HETH.  i SLUG  OUT  >  7(0):  .03 

FINAL  "ANSDUCEF;  VALUE: 

2  3 . 2  ? 

SLUG  TEST 

SAMPLE 

NUMBER 

OUT: 

TIME 

! MINUTES ) 

TIME 

(SECONDS) 

T(0 ) 
TRANS. 

XD 

READING 

H' 

A/B  DATUM 
TRANS. 

H 

TRANS. 

H/H(0 ) 
TRANS. 

H/H(0 ) 
THE(  :. 

000 

0 

0 

-.03 

22.87 

.91 

.38 

.2946 

.24P' 

001 

.0033 

.198 

-.0267 

21.56 

-.4 

1.69 

1.3101 

1.1<  6 

002 

.0067 

.402 

-.0233 

21.66 

-.3 

1.59 

1.2326 

1.0od2 

003 

.01 

.6 

-.02 

21.80 

-.16 

1.45 

1.124 

.9477 

004 

.0133 

.798 

-.0167 

21.85 

-.11 

1.4 

1.0853 

.9 

005 

.0167 

1.002 

-.0133 

21.87 

-.09 

1.38 

1.0698 

.9C«. 

006 

.02 

1.2 

-.01 

21.91 

-.05 

1.34 

1.0388 

.8758 

007 

.0233 

1.398 

-.0067 

21.95 

-.01 

1.3 

1.0078 

.84! 

008 

.0267 

1.602 

-.0033 

21.99 

.03 

1.26 

.9767 

.82! 

009 

.03 

1.8 

0 

21.96 

0 

1.29 

1 

.8431 

010 

.0333 

1.998 

.0033 

22.03 

.07 

1.22 

.9457 

.79”' 

Oil 

.05 

3 

.02 

22.15 

.19 

1.1 

.8527 

.7: 

012 

.0667 

4.002 

.0367 

22.26 

.3 

.99 

.7674 

.6471 

013 

.0833 

4.998 

.0533 

22.36 

.4 

.89 

.6899 

.58)7 

014 

.1 

6 

.07 

22.44 

.48 

.81 

.6279 

.52! 

015 

.1167 

7.002 

.0867 

22.52 

.56 

.73 

.5659 

.47' i 

016 

.1333 

7.998 

.1033 

22.58 

.62 

.67 

.5194 

.4379 

017 

.15 

9 

.12 

22.65 

.69 

.6 

.4651 

.391 

018 

.1667 

10.002 

.1367 

22.69 

.73 

.56 

.4341 

.36 

019 

.1833 

10.998 

.1533 

22.74 

.78 

.51 

.3953 

.3333 

020 

.2 

12 

.17 

22.79 

.83 

.46 

.3566 

.300" 

021 

.2167 

13.002 

.1867 

22.82 

.86 

.43 

.3333 

.26 

022 

.2333 

13.998 

.2033 

22.87 

.91 

.38 

.2946 

.2484 

023 

.25 

15 

.22 

22.90 

.94 

.35 

.2713 

.228* 

024 

.2667 

16.002 

.2367 

22.93 

.97 

.32 

.2481 

.206 

025 

.2833 

16.998 

.2533 

22.95 

.99 

.3 

.2326 

.196i 

026 

.3 

18 

.27 

22.96 

1 

.29 

.2248 

.1895 

027 

.3167 

19.002 

.2867 

22.98 

1.02 

.27 

.2093 

.176 

028 

.3333 

19.998 

.3033 

23.01 

1.05 

.24 

.186 

.156. 

029 

.4167 

25.002 

.3867 

23.07 

1.11 

.18 

.1395 

.1176 

030 

.5 

30 

.47 

23.11 

1.15 

.14 

.1085 

.091' 

031 

.5833 

34.998 

.5533 

23.14 

1.18 

.11 

.0853 

.071 

032 

.6667 

40.002 

.6367 

23.17 

1.21 

.08 

.062 

.0523 

033 

.75 

45 

.72 

23.19 

1.23 

.06 

.0465 

.039° 

034 

.8333 

49.998 

.8033 

23.20 

1.24 

.05 

.0388 

.032 

035 

.9167 

55.002 

.8867 

23.20 

1.24 

.05 

.0388 

.032/ 

036 

1 

60 

.97 

23.22 

1.26 

.03 

.0233 

.0196 

037 

1.0833 

64.998 

1.0533 

23.22 

1.26 

.03 

.0233 

.019 

038 

1.1667 

70.002 

1.1367 

23.23 

1.27 

.02 

.0155 

.013. 

039 

1.25 

75 

1.22 

23.23 

1.27 

.02 

.0155 

.0131 

040 

1.3333 

79.998 

1.3033 

23.23 

1.27 

.02 

.0155 

.013 

041 

1.4167 

85.002 

1.3867 

23.23 

1.27 

.02 

.0155 

.013 

042 

1.5 

90 

1.47 

23.25 

1.29 

8.8818e-16 

0 

0 

043 

1.583 

94.98 

1.553 

23.25 

1.29 

8.8818e-16 

0 

0 

044 

1.6667 

100.002 

1.6367 

23.25 

1.29 

8.8818e-16 

0 

0 

SLUG  TEST 

SAMPLE 

NUMBER 

OUT: 

TIME 

(MINUTES) 

TIME 

(SECONDS) 

T(0) 

TRANS. 

XD 

READING 

H' 

A/B  DATUM 
TRANS. 

H 

TRANS. 

H/H(0) 

TRANS. 

H/H( 0 ) 
THEOR. 

045 

1.75 

105 

1.72 

23.25 

1.29 

8.8818e-16 

0 

0 

046 

1.833 

109.98 

1.803 

23.25 

1.29 

8.8818e-16 

0 

0 

047 

1.9167 

115.002 

1 . 8867 

23.25 

1.29 

8.8818e-l6 

0 

0 

048 

2 

120 

1.97 

23.25 

1.29 

8.8818e-16 

0 

0 

049 

2.5 

150 

2.47 

23.27 

1.31 

-.02 

-.0155 

-.0131 

050 

3 

180 

2.97 

23.27 

1.31 

-.02 

-.0155 

-.0131 

051 

3.5 

210 

3.47 

23.27 

1.31 

-.02 

-.0155 

-.0131 

052 

4 

240 

3.97 

23.25 

1.29 

8.8818e-16 

0 

0 

053 

4.5 

270 

4.47 

23.25 

1.29 

8.8818e-16 

0 

0 

054 

5 

300 

4.97 

23.25 

1.29 

8.8818e-16 

0 

0 

055 

5.5 

330 

5.47 

23.27 

1.31 

-.02 

-.0155 

-.0131 

056 

6 

360 

5.97 

23.27 

1.31 

-.02 

-.0155 

-.0131 

057 

6.5 

390 

6.47 

23.27 

1.31 

-.02 

-.0155 

-.0131 

058 

7 

420 

6.97 

23.27 

1.31 

-.02 

-.0155 

-.0131 

059 

7.5 

450 

7.47 

23.25 

1.29 

8.8818e-16 

0 

0 

060 

8 

480 

7.97 

23.25 

1.29 

0 

0 

0 

061 

8.5 

510 

8.47 

0 

0 

0 

0 

062 

9 

540 

8.97 

0 

0 

0 

0 

063 

9.5 

570 

9.47 

0 

0 

0 

0 

064 

10 

600 

9.97 

0 

0 

0 

0 

065 

12 

720 

11.97 

0 

0 

0 

0 

066 

14 

840 

13.97 

0 

0 

0 

0 

067 

16 

960 

15.97 

0 

0 

0 

0 

068 

18 

1080 

17.97 

0 

0 

0 

0 

069 

20 

1200 

19.97 

0 

0 

0 

0 

070 

22 

1320 

21.97 

0 

0 

0 

0 

071 

24 

1440 

23.97 

0 

0 

0 

0 

072 

26 

1560 

25.97 

0 

0 

0 

0 

073 

28 

1680 

27.97 

0 

0 

0 

0 

074 

30 

1800 

29.97 

0 

0 

0 

0 

075 

32 

1920 

31.97 

0 

0 

0 

0 

076 

34 

2040 

33.97 

0 

0 

0 

0 

077 

36 

2160 

35.97 

0 

0 

0 

0 

078 

38 

2280 

37.97 

0 

0 

0 

0 

079 

40 

2400 

39.97 

0 

0 

0 

0 

080 

42 

2520 

41.97 

0 

0 

0 

0 

081 

44 

2640 

43.97 

0 

0 

0 

0 

082 

46 

2760 

45.97 

0 

0 

0 

0 

083 

48 

2880 

47.97 

0 

0 

0 

0 

084 

50 

3000 

49.97 

0 

0 

0 

0 

085 

52 

3120 

51.97 

0 

0 

0 

0 

086 

54 

3240 

53.97 

0 

0 

0 

0 

087 

56 

3360 

55.97 

0 

0 

0 

0 

088 

58 

3480 

57.97 

0 

0 

0 

0 

089 

60 

3600 

59.97 

0 

0 

0 

0 

0 


- L U b  —  m U T  i  isl 

u!<=  i  i  rio.  :  ’-J  - 1> 


'-‘•'Sina  i'umeter  -  „  ;n.  ~  ,i3;  rr, 

ws»nq  r  A (JlUS  •  r«/  •-  ..'33  <>. 

Lenotn  of  screen  il-)  -  ”.?2  -  >■ . 
Heiant  of  water  from  o»ae  n-  screen  • 
Radius  of  borehole  u-w;  -  ,3-14  f:. 

Thickness  of  Aoui  fer  ■[>)  --  10.?;:  • 


—  i  *■  <n 

-  I  .  *.  7 


/  t  “  {l  *  w>0  t  = 


’  fi  (  h  /  »  w  }  ~ 


In  li/  r  , 


!  ln<  '.'2/. 344)  ' 7.71/ . 344) 


K  =  HYDRAULIC  CONDUCTIVITY 


rc2  lniR»/rw) 


•  083 ) 2  i .. .  30 1 


in  t  yr„  ,  1 1 


2(7.72) 


<  —  *  in  i  1.2?/.. io 

12 


K  =  1.05  .x  .iO—*  tt./seg. 


K  =  9.03 


ft. /da. 


K  c  J.1S  t  10“3  cm. /sec. 


TRANSMISSIVITY 


T  «  <K)  (D)  (7.48  qpd/ft) 


T  ■  (9.03)  (10.72)  (7.48) 


T  ■  724.08  qpd/ft 


r 


■LUG  GUT  'E5T 

MONITOR  WELL  NUMBER:  .;.L  -  Ei-ii 


ELEVATION  T OF  OF  CASING: 


cLEVATIGN  WATER  tiN):  ElEVATIGN  WATER  iUUT):  _3.j7 


DEPTH  OF  WELL  iTOC):  26.7  'lAHETER  GF  CASING:  .167  FEET 


;  SCREEN  LENGTH  AND  INTERVAL:  10  FEET.  0  22.0  t-EET  TELOW  GRADE 


r  CREEM/  F I LTER  ’  -E:  4  10  ■'  *  .-.ll  ~ LMtTRA ( ING'  _0/J0  jr\ADE  riLTCA  _AND 


AQUlr  E.-:  i  f  F  E  Ai<jD  THICKNESS:  LAtE:  wu  ?1L.T  SAND.  i.  Ty  ’  -EtT  LLLtiw  L'.'ADE 


rl  (  0  >  TRANSLm  i  ION:  l.SS  a  i  0  )  i  HE0RE1  ICAL  :  1 . 5  «j 


INITIAL  .ONSISTENT  VALUE:  21.9  TRANS.  ,1ETH.  i SLUG  OUT)  T(0):  .01 


SLUG  TEST 

SAMPLE 

NUMBER 

OUT: 

TIME 

(MINUTES) 

TIME 

( SECONDS ) 

T(0) 

TRANS. 

XD 

READING 

H' 

A/B  DATUM 
TRANS. 

H 

TRANS. 

H/H(0) 

TRANS. 

H/H(0> 

THEOR. 

000 

0 

0 

-.01 

23.20 

1.3 

.03 

.0226 

.0196 

001 

.0033 

.198 

-.0067 

21.45 

-.45 

1.78 

1.3383 

1.1634 

002 

.0067 

.402 

-.0033 

21.91 

.01 

1.32 

.9925 

.8627 

003 

.01 

.6 

0 

21.90 

0 

1.33 

1 

.8693 

004 

.0133 

.  798 

.0033 

21.95 

.05 

1.28 

.9624 

.8366 

005 

.0167 

1.002 

.0067 

21.96 

.06 

1.27 

.9549 

.8301 

006 

.02 

1.2 

.01 

21.99 

.09 

1.24 

.9323 

.8105 

007 

.0233 

1.398 

.0133 

22.04 

.14 

1.19 

.8947 

.7778 

008 

.0267 

1.602 

.0167 

22.06 

.16 

1.17 

.8797 

.7647 

009 

.03 

1.8 

.02 

22.09 

.19 

1.14 

.8571 

.7451 

010 

.0333 

1.998 

.0233 

22.10 

O 
.  L* 

1.13 

.8496 

.7386 

Oil 

.05 

3 

.0  . 

22 . 23 

.33 

1 

.7519 

.6536 

012 

.0667 

4.002 

j7 

_Z.  .  oo 

.43 

.9 

.6767 

.5882 

013 

.0833 

4.998 

.0733 

22.41 

.51 

.82 

.6165 

.5359 

014 

.1 

6 

.09 

22.49 

.59 

.74 

.5564 

.4837 

015 

.1167 

7.^02 

.1067 

22.57 

.67 

.66 

.4962 

.4314 

016 

.1333 

7.998 

.1233 

22.61 

.71 

.62 

.4662 

.4052 

017 

.15 

9 

.14 

22.68 

.78 

.55 

.4135 

.3595 

018 

.1667 

10.002 

.1567 

22.72 

.82 

.51 

.3835 

.3333 

019 

.1833 

10.998 

.1733 

22.77 

.87 

.46 

.3459 

.3007 

020 

.2 

12 

.19 

22.80 

.9 

.43 

.3233 

.281 

021 

.2167 

13.002 

.2067 

22.84 

.94 

.39 

.2932 

.2549 

022 

.2333 

13.998 

.2233 

22.87 

.97 

.36 

.2707 

.2353 

023 

.25 

15 

.24 

22.90 

1 

.33 

.2481 

.2157 

024 

.2667 

16.002 

.2567 

22.92 

1.02 

.31 

.2331 

.2026 

025 

.2833 

16.998 

.2733 

22.93 

1.03 

.3 

.2256 

.1961 

026 

.3 

18 

.29 

22.96 

1.06 

.27 

.203 

.1765 

027 

.3167 

19.002 

.3067 

22.98 

1.08 

.25 

.188 

.1634 

028 

.3333 

19.998 

.3233 

22.99 

1.09 

.24 

.1805 

.1569 

029 

.4167 

25.002 

.4067 

23.06 

1.16 

.17 

.1278 

.1111 

030 

.5 

30 

.49 

23.11 

1.21 

.12 

.0902 

.0784 

031 

.5833 

34.998 

.5733 

23.14 

1.24 

.09 

.0677 

.0588 

032 

.6667 

40.002 

.6567 

23.15 

1.25 

.08 

.0602 

.0523 

033 

.75 

45 

.74 

23.17 

1.27 

.06 

.0451 

.0392 

034 

.8333 

49.998 

.8233 

23.19 

1.29 

.04 

.0301 

.0261 

035 

.9167 

55.002 

.9067 

23.20 

1.3 

.03 

.0226 

.0196 

036 

1 

60 

.99 

23.22 

1.32 

.01 

.0075 

.0065 

037 

1.0833 

64.998 

1.0733 

23.22 

1.32 

.01 

.0075 

.0065 

038 

1.1667 

70.002 

1.1567 

23.22 

1.32 

.01 

.0075 

.0065 

039 

1.25 

75 

1.24 

23.23 

1.33 

-1.776e-15 

0 

0 

040 

1.3333 

79.998 

1.3233 

23.23 

1.33 

-1.776e-15 

0 

0 

041 

1.4167 

85.002 

1.4067 

23.23 

1.33 

-1.776e-15 

0 

0 

042 

1.5 

90 

1.49 

23.23 

1.33 

-1.776e-15 

0 

0 

043 

1.583 

94.98 

1.573 

23.23 

1.33 

-1.776e-15 

0 

0 

044 

1.6667 

100.002 

1.6567 

23.23 

1.33 

-1.776e-15 

0 

0 

I 

I 


SLUG  TEST  OUT: 


SAMPLE 

TIME 

TIME 

T(0) 

XD 

H  ‘ 

A/B  DATUM 

H 

H/H<  0 ' 

H/H' 

NUMBER 

(MINUTES) 

(SECONDS) 

TRANS. 

READING 

TRANS. 

TRANS. 

TRANS. 

THE(  . 

045 

1.75 

105 

1.74 

23.23 

1.33 

-1.776s-l5 

0 

o 

046 

1.833 

109.98 

1.823 

23.23 

1.33 

-1.776*- 16 

0 

0 

047 

1.9167 

115.002 

1.9067 

23.23 

1.33 

-1.776s- it 

o 

0 

048 

2 

120 

1.99 

23.23 

1.33 

-1.776s- 16 

0 

0 

049 

2.5 

150 

2.49 

23.23 

1.33 

-1.776s- 15 

0 

0 

050 

3 

180 

2.99 

23.25 

1.35 

-.02 

-.015 

-.0131 

051 

3.5 

210 

3.49 

23.25 

1.35 

-.02 

-.015 

-.0.  1 

052 

4 

240 

3.99 

23.25 

1.35 

-.02 

-.015 

-.01.1 

053 

4.5 

270 

4.49 

23.23 

1.33 

-1.776s- 15 

0 

0 

054 

5 

300 

4.99 

23.23 

1.33 

-1.776s- 15 

0 

055 

5.5 

330 

5.49 

23.23 

1.33 

- 1 . 776s- 3  5 

0 

o 

056 

6 

360 

5.99 

>3  ^3 

1.33 

-1.776s- 16 

,'t 

,  i 

057 

6.5 

390 

6.49 

23.23 

1.33 

-1.776s-  16 

') 

■1 

058 

7 

420 

6.99 

23.23 

1.33 

-1.776s- 16 

0 

I 

059 

7.5 

450 

7.49 

23.23 

1.33 

-1.776S-15 

0 

0 

060 

8 

480 

7.99 

23.23 

1.33 

-1.776s- 15 

0 

0 

061 

8.5 

510 

8.49 

23.23 

1.33 

-1.776s- 15 

0 

0 

062 

9 

540 

3.99 

23.23 

1.33 

-I.776e-15 

0 

0 

063 

9.5 

570 

9.49 

23.23 

1.33 

-1.7766-15 

0 

0 

064 

10 

600 

9.99 

23.23 

1.33 

0 

0 

0 

065 

12 

720 

11.99 

0 

0 

0 

0 

066 

14 

840 

13.99 

0 

0 

0 

0 

067 

16 

960 

15.99 

n 

0 

0 

0 

068 

18 

1080 

17.99 

0 

0 

0 

0 

069 

20 

1200 

19.99 

0 

0 

0 

0 

070 

22 

1320 

21.99 

0 

0 

n 

0 

071 

24 

1440 

23.99 

o 

0 

0 

0 

072 

26 

1560 

25.99 

) 

J 

o 

0 

073 

28 

1680 

27.99 

0 

0 

0 

0 

074 

30 

1800 

29.99 

0 

0 

0 

0 

075 

32 

1920 

31.99 

0 

0 

0 

0 

076 

34 

2040 

33.99 

0 

0 

0 

0 

077 

36 

2160 

35.99 

0 

0 

0 

0 

078 

38 

2280 

37.99 

0 

0 

0 

0 

079 

40 

2400 

39.99 

0 

0 

0 

0 

080 

42 

2520 

41.99 

0 

0 

0 

0 

081 

44 

2640 

43.99 

0 

0 

0 

0 

082 

46 

2760 

45.99 

0 

0 

0 

0 

083 

48 

2880 

47.99 

0 

0 

0 

0 

084 

50 

3000 

49.99 

0 

0 

0 

0 

085 

52 

3120 

51.99 

0 

0 

0 

0 

086 

54 

3240 

53.99 

0 

0 

0 

0 

087 

56 

3360 

55.99 

0 

0 

0 

0 

088 

58 

3480 

57.99 

0 

0 

0 

0 

089 

60 

3600 

59.99 

0 

0 

0 

0 

0 
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-  «sir  i  -oaiis  =  .  .,J3 

Lenar o  -r  screen  >  ■_  .>  = 
neiant  :t  water-  >-roffl  case 
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t.i 


;i  m 


iH  I  •  ■  l!  .  J 4 4  ) 


K  =  HYDRAULIC  CONDUCTIVITY 

*  tr“  I  "  l  K  m  •  w  i 

K  -  - 

. wBu ; -  Jy i 

K  =  - 

2(7.72; 

K  =  1.12*  lO-*  rt./ sec. 

K  -  9.46  ft. /da. 

K  =  3.41  <  10-3  cm. /sec. 

*  TRANSMISSIVITY 

T  =  (K)  (D)  (7.48  g pd/ft ) 

T  =  (9.6 6)  (10.72)  (7.48) 


T  =  774.59  g pd/ft 


jlUG  OUT  7c3T 


MONITOR  WELL  NUMBER: 

nw-.-.'  E 

:7 

II 

II 

II 

II 

II 

II 

II 

II 

II 

It 

II 

II 

II 

II 

II 

II 

II 

II 

II 

ELEVATION  TOP  OF  CASING: 

T  o  .  o  4 

ELEVATION  WATER  . IN): 

ElEVA'  ICn  water  iFUT':  i-t.t-j 

DEPTH  OF  WELL  .  ~OC > : 

j  0  •  6  * 

'  AHt  T  FR  C.-iSINb:  .16?  E-LT 

SCREEN  LENGTH  AND  INTER V At. : 

iO  FEET. 

-  .  ;  *  J :  .  ^  -  r  E  T  ►  L  U  w  l?  P  h  b  t. 

SCREEN/ FILTER  *  "E: 

.  :  ;  P 

t  ■  “ • : . i_  -  l  r*  A  i  I r  lL' '  .  -1  •’pmI'c 

- .  L 1 1  ^hND 

AQUIFER  T’PE  AND  THICKNESS: 

-lLi .  S A 

ND  -  '<D  :  •  *ND •  13  TO  ^  rEE7  BELUW 

tirade 

H(O)  TR’ANSLA  T I ON; 

1.47 

■■(•J)  THEORETICAL ;  1.53 

INITIAL  CONSISTENT  VALUE: 

13.21 

'PANS.  METH.  iSLUG  OUT)  T  f  0 )  : 

.01 

FINAL  TRANSDUCER  VALUE: 

14.68 

SLUG  TEST  OUT: 


H 


SAMPLE 

NUMBER 

TIME 

(MINUTES) 

TIME 

( SECONDS ) 

T(0) 

TRANS. 

XD 

READING 

A/B  DATUM 
TRANS. 

H 

TRANS. 

H/H(0 1 

TRANS. 

H/HCO  t 
THEC  . 

000 

0 

0 

-.01 

13.75 

.54 

.33 

.6327 

.607' 

001 

.0033 

.198 

-.0067 

13.23 

.02 

1.45 

.9864 

.947 

002 

.0067 

.402 

-.0033 

13.13 

-.08 

1.55 

1.0544 

1.0131 

003 

.01 

.6 

0 

13.21 

0 

1.47 

1 

.960° 

004 

.0133 

.798 

.0033 

13.24 

.03 

1.44 

.9796 

.941 

005 

.0167 

1.002 

.0067 

13.28 

.07 

1.4 

.9524 

.91u 

006 

.02 

1.2 

.01 

13.31 

.1 

1.37 

.932 

.8954 

007 

.0233 

1.398 

.0133 

13.34 

.13 

1.34 

.9116 

.875 

008 

.0267 

1.602 

.0167 

13.36 

.15 

1.32 

.898 

.862 

009 

.03 

1.8 

.02 

13.40 

.19 

1.28 

.8707 

.8366 

010 

.0333 

1.998 

.0233 

13.44 

.23 

1.24 

.8435 

.810 

Oil 

.05 

3 

.04 

13.50 

.29 

1.18 

.8027 

.771 

012 

.0667 

4.002 

.0567 

13.63 

.42 

1.05 

.7143 

.6863 

013 

.0833 

4.998 

.0733 

13.72 

.51 

.96 

.6531 

.  627c 

014 

.1 

6 

.09 

13.80 

.59 

.88 

.5986 

.575 

015 

.1167 

7.002 

.1067 

13.90 

.69 

.78 

.5306 

,509b 

016 

.1333 

7.998 

.1233 

14.02 

.81 

.66 

.449 

.4314 

017 

.15 

9 

.14 

14-09 

.88 

.59 

.4014 

.  385* 

018 

.1667 

10.002 

.1567 

14.15 

.94 

.53 

.3605 

.346s 

019 

.1833 

10.998 

.1733 

14.20 

.99 

.48 

.3265 

.3137 

020 

.2 

12 

.19 

14.25 

1.04 

.43 

.2925 

.28 

021 

.2167 

13.002 

.2067 

14.29 

1.08 

.39 

.2653 

.254: 

022 

.2333 

13.998 

.2233 

14.33 

1.12 

.35 

.2381 

.2288 

023 

.25 

15 

.24 

14.37 

1.16 

.31 

.2109 

.  202r 

024 

.2667 

16.002 

.2567 

14.39 

1.18 

.29 

.1973 

.1891 

025 

.2833 

16.998 

.2733 

14.42 

1.21 

.26 

.1769 

.1699 

026 

.3 

18 

.29 

14.44 

1.23 

.24 

.1633 

.1569 

027 

.3167 

19.002 

.3067 

14.47 

1.26 

.21 

.1429 

.137: 

028 

.3333 

19.998 

.3233 

14.48 

1.27 

.2 

.1361 

.  130', 

029 

.4167 

25.002 

.4067 

14.55 

1.34 

.13 

.0884 

.085 

030 

.5 

30 

.49 

14.58 

1.37 

.1 

.068 

.065* 

031 

.5833 

34.998 

.5733 

14.61 

1.4 

.07 

.0476 

.0451 

032 

.6667 

40.002 

.6567 

14.63 

1.42 

.05 

.034 

.0327 

033 

.75 

45 

.74 

14.63 

1.42 

.05 

.034 

.032" 

034 

.8333 

49.998 

.8233 

14.64 

1.43 

.04 

.0272 

.026: 

035 

.9167 

55.002 

.9067 

14.64 

1.43 

.04 

.0272 

.0261 

036 

1 

60 

.99 

14.66 

1.45 

.02 

.0136 

.013: 

037 

1.0833 

64.998 

1.0733 

14.66 

1.45 

.02 

.0136 

.013: 

038 

1 . 1667 

70.002 

1.1567 

14.66 

1.45 

.02 

.0136 

.0131 

039 

1.25 

75 

1.24 

14.66 

1.45 

.02 

.0136 

.0131 

040 

1.3333 

79.998 

1.3233 

14.66 

1.45 

.02 

.0136 

.013: 

041 

1.4167 

85.002 

1.4067 

14.66 

1.45 

.02 

.0136 

.0131 

042 

1.5 

90 

1.49 

14.66 

1.45 

.02 

.0136 

.0131 

043 

1.583 

94.98 

1.573 

14.68 

1.47 

1.1102e-15 

0 

0 

044 

1.6667 

100.002 

1.6567 

14.68 

1.47 

1. 1102e-15 

0 

0 

SLUG  TEST  OUT: 


SAMPLE 

NUMBER 

TIME 

(MINUTES) 

TIME 

(SECONDS) 

T(0) 

TRANS. 

XD 

READING 

H' 

A/B  DATUM 
TRANS. 

H 

TRANS. 

H/H(0) 

TRANS. 

H/H(0) 

THEOR. 

045 

1.75 

105 

1.74 

14.68 

1.47 

1.1102e-15 

0 

0 

046 

1.833 

109.98 

1.823 

14.68 

1.47 

1.1102e-15 

0 

0 

047 

1.9167 

115.002 

1.9067 

14.68 

1.47 

1.1102e-15 

0 

0 

048 

2 

120 

1.99 

14.68 

1.47 

1. 1102e-15 

0 

0 

049 

2.5 

150 

2.49 

14.68 

1.47 

1.1102e-l5 

0 

0 

050 

3 

180 

2.99 

14.68 

1.47 

1.1102e-15 

0 

0 

3.5 

210 

3.49 

14.68 

1.47 

1.1102e-15 

0 

0 

052 

4 

240 

3.99 

14.69 

1.48 

-.01 

-.0068 

-.0065 

4.5 

4.49 

14.69 

1.48 

-.01 

-.0068 

-.0065 

054 

5 

4.99 

14.69 

1.48 

-.01 

-.0068 

-.0065 

055 

5.5 

330 

5.49 

14.69 

1.48 

-.01 

-.0068 

-.0065 

056 

6 

360 

5.99 

14.69 

1.48 

-.01 

-.0068 

-.0065 

057 

6.5 

6.49 

14.68 

1.47 

1.1102e-15 

0 

0 

058 

7 

420 

6.99 

14.69 

1.48 

-.01 

-.0068 

-.0065 

059 

7.5 

450 

7.49 

14.68 

1.47 

1. 1102e-15 

0 

0 

060 

8 

480 

7.99 

14.69 

1.48 

-.01 

-.0068 

-.0065 

061 

8.5 

510 

8.49 

14.69 

1.48 

-.01 

-.0068 

-.0065 

062 

9 

540 

8.99 

14.69 

1.48 

-.01 

-.0068 

-.0065 

063 

9.5 

570 

9.49 

14.69 

1.48 

-.01 

-.0068 

-.0065 

064 

10 

9.99 

14.69 

1.48 

-.01 

-.0068 

-.0065 

065 

12 

720 

11.99 

14.68 

1.47 

0 

0 

0 

066 

14 

840 

13.99 

0 

0 

0 

0 

067 

16 

960 

15.99 

0 

0 

0 

0 

068 

18 

1080 

17.99 

0 

0 

0 

0 

069 

20 

*-Ww 

19.99 

0 

0 

0 

0 

22 

21.99 

0 

0 

0 

0 

071 

24 

1440 

23.99 

0 

0 

0 

0 

072 

26 

1560 

25.99 

0 

0 

0 

0 

073 

28 

1680 

27.99 

0 

0 

0 

0 

074 

30 

1800 

29.99 

0 

0 

0 

0 

075 

32 

31.99 

0 

0 

0 

0 

076 

34 

2040 

33.99 

0 

0 

0 

0 

077 

36 

2160 

35.99 

0 

0 

0 

0 

078 

38 

2280  ’ 

37.99 

0 

0 

0 

0 

079 

40 

39.99 

0 

0 

0 

0 

080 

42 

2520 

41.99 

0 

0 

0 

0 

081 

44 

2640 

43.99 

0 

0 

0 

0 

082 

46 

2760 

45.99 

0 

0 

0 

0 

083 

48 

2880 

47.99 

0 

0 

0 

0 

084 

50 

49.99 

0 

0 

0 

0 

085 

52 

51.99 

0 

0 

0 

0 

54 

3240 

53.99 

0 

0 

0 

0 

087 

56 

3360 

55.99 

0 

0 

0 

0 

088 

58 

3480 

57.99 

0 

0 

0 

0 

089 

60 

59.99 

0 

0 

0 

0 

-  - -  •  »»«  V  W  V 
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r i_ D G -  ■_  uT  £3 
"leii  no.  jJ-O': 


!-a  s  i  r.  a  diameter  =  ^  m.  -  . 

Lisina  raoius  ire)  =  ..j33  fr 
Lenotn  of  screen  .  u)  5.50 
rteicint  or  water  from  ujsb  or 
-aouts  of  borenole  i rmi  - 
^ hickness  of  Aoui fer  1 [1  1  = 


lo7  7  ~  . 
r  *  . 

j croon 
.,44  rt. 

? . so  * ■ 
1.75 

=  U 


in  «  ('•••  r 


1.1 

i n  H/ rw 


5. SO  rf. 


■  ln<  5. SO/. 344  1  v  5.80/  .344) 


=  3.03 

K  *  HYDRAULIC  CONDUCTIVITY 

rc*  ln(R./rw)  1 

K  =  _ 

'  ^  lf)  (  y  t  J 


K  . 083 ) 2  1 . 03 )  1 

K  -  -  x  ... 

2(5.80)  i; 

K  "  J*34  *  10-*  ft. /sec. 

*  =  H-58  ft. /4a. 

K  -  4.08  x  10~3  cm. /sec. 

T  -  transmissivity 


in  (1.48/. 3?  ) 


T  *  00  (D)  (7.48  gpd/ft) 

T  ■  (11.58)  (  8.80)  (7.48) 


T  ■  762.24  gpd/ft 


MONITOR  WELL  NUMBER: 

1W-05  OiiD  E  -Ni 

;  ELEVATION  TOP  OF  CASING: 

J  6  m  C  4 

1  ELEVATION  WATER  (IN) : 

ELEVA. ION  WATER  'OUT):  14.76 

!  DEPTH  OF  WELL  (TOC): 

^O.6o  _  xAHE TER  Or  Cri SING: 

.167  FEET 

SCREEN  LENGTH  AND  INTERVAL: 

10  FEET,  i o . j  ~  0  26.5  FEET  6 

ELOW  GRADE 

SCREEN/ FILTER  TYPE: 

ft  10  F  mk  IImLL.  E  hit  7  RAT  I  Mb/ 

20/40  uRADE  SILIC 

RiiUIFER  T  PE  AND  THICKNESS: 

_  I L  T  \  "ru'W  i  iO  *  r  r 

FEET  i'ELUW  G-ADE 

H( 0 )  TRANSLATION: 

1.5*.  :<  0  i  HEORETICAL : 

1.50 

INITIAL  CONSISTENT  VALUE: 

1 3 . 1  £3  PANS.  METH.  SLUG 

•_'L;T)  TiO):  .01 

j  SLUG  TEST  OUT: 


H' 


SAMPLE 

TIME 

TIME 

T(0 ) 

XD 

A/B  DATUM 

H 

H/H(0) 

H/H(0) 

NUMBER 

(MINUTES) 

(SECONDS) 

TRANS. 

READING 

TRANS. 

TRANS. 

TRANS. 

THEOR. 

OOO 

0 

0 

-.01 

14.13 

.97 

.55 

.3618 

.3595 

001 

.0033 

.198 

-.0067 

13.03 

-.13 

1.65 

1.0855 

1.0784 

002 

.0067 

.402 

-.0033 

13.16 

0 

1.52 

1 

.9935 

003 

.01 

.6 

0 

13.16 

0 

1.52 

1 

.9935 

004 

.0133 

.798 

.0033 

13.22 

.06 

1.46 

.9605 

.9542 

005 

.0167 

1.002 

.0067 

13.25 

.09 

1.43 

.9408 

.9346 

006 

.02 

1.2 

.01 

13.28 

.12 

1.4 

.9211 

.915 

007 

.0233 

1.398 

.0133 

13.33 

.17 

1.35 

.8882 

.8824 

008 

.0267 

1.602 

.0167 

13.35 

.19 

1.33 

.875 

.8693 

009 

.03 

1.8 

.02 

13.38 

.22 

1.3 

.8553 

.8497 

010 

.0333 

1.998 

.0233 

13.41 

.25 

1.27 

.8355 

.8301 

Oil 

.05 

3 

.04 

13.52 

.36 

1.16 

.7632 

.7582 

012 

.0667 

4.002 

.0567 

13.59 

.43 

1.09 

.7171 

.7124 

013 

.0833 

4.998 

.0733 

13.60 

.44 

1.08 

.7105 

.7059 

014 

.1 

6 

.09 

13.76 

.6 

.92 

.6053 

.6013 

015 

.1167 

7.002 

.1067 

13.84 

.68 

.84 

.5526 

.549 

016 

.1333 

7.998 

.1233 

13.94 

.78 

.74 

.4868 

.4837 

017 

.15 

9 

.14 

14.00 

.84 

.68 

.4474 

.4444 

018 

.1667 

10.002 

.1567 

14.09 

.93 

.59 

.3882 

.3856 

019 

.1833 

10.998 

.1733 

14.21 

1.05 

.47 

.3092 

.3072 

020 

.2 

12 

.19 

14.24 

1.08 

.44 

.2895 

.2876 

021 

.2167 

13.002 

.2067 

14.28 

1.12 

.4 

.2632 

.2614 

022 

.2333 

13.998 

.2233 

14.33 

1.17 

.35 

.2303 

.2288 

023 

.25 

15 

.24 

14.36 

1.2 

.32 

.2105 

.2092 

024 

.2667 

16.002 

.2567 

14.38 

1.22 

.3 

.1974 

.1961 

025 

.2833 

16.998 

.2733 

14.41 

1.25 

.27 

.1776 

.1765 

026 

.3 

18 

.29 

14.43 

1.27 

.25 

.1645 

.1634 

027 

.3167 

19.002 

.3067 

14.46 

1.3 

.22 

.1447 

.1438 

028 

.3333 

19.998 

.3233 

14.48 

1.32 

.2 

.1316 

.1307 

029 

.4167 

25.002 

.4067 

14.54 

1.38 

.14 

.0921 

.0915 

030 

.5 

30 

.49 

14.57 

1.41 

.11 

.0724 

.0719 

031 

.5833 

34.998 

.5733 

14.59 

1.43 

.09 

.0592 

.0588 

032 

.6667 

40.002 

.6567 

14.62 

1.46 

.06 

.0395 

.0392 

033 

.75 

45 

.74 

14.62 

1.46 

.06 

.0395 

.0392 

034 

.8333 

49.998 

.8233 

14.63 

1.47 

.05 

.0329 

.0327 

035 

.9167 

55.002 

.9067 

14.63 

1.47 

.05 

.0329 

.0327 

036 

1 

60 

.99 

14.63 

1.47 

.05 

.0329 

.0327 

037 

1.0833 

64.998 

1.0733 

14.65 

1.49 

.03 

.0197 

.0196 

038 

1.1667 

70.002 

1.1567 

14.65 

1.49 

.03 

.0197 

.0196 

039 

1.25 

75 

1.24 

14.65 

1.49 

.03 

.0197 

.0196 

040 

1.3333 

79.998 

1.3233 

14.65 

1.49 

.03 

.0197 

.0196 

041 

1.4167 

85.002 

1.4067 

14.65 

1.49 

.03 

.0197 

.0196 

042 

1.5 

90 

1.49 

14.65 

1.49 

.03 

.0197 

.0196 

043 

1.583 

94.98 

1.573 

14.65 

1.49 

.03 

.0197 

.0196 

044 

1.6667 

100.002 

1.6567 

14.65 

1.49 

.03 

.0197 

.0196 

I 

I 


SLUG  TEST  OUT: 


SAMPLE 

NUMBER 

TIME 

f MINUTES) 

TIME 

(seconds: 

T(0 ) 

i  TRANS. 

XD 

READING 

H' 

A/B  DATUM 
TRANS. 

H 

TRANS. 

H/H(0 ) 
TRANS. 

H/H( 0 ) 
THE(  :. 

045 

1.75 

105 

1.74 

14.67 

1.51 

.01 

.0066 

.oors 

046 

1.833 

109.98 

1.823 

14.67 

1.51 

.01 

.0066 

-OOf 

047 

1.9167 

115.002 

1.9067 

14.67 

1.51 

.01 

.0066 

.0065 

048 

2 

120 

1.99 

14.67 

1.51 

.01 

.0066 

.OOP*' 

049 

2.5 

150 

2.49 

14.67 

1.51 

.01 

.0066 

.00( 

050 

3 

180 

2.99 

14.67 

1.51 

.01 

.0066 

.OObo 

051 

3.5 

210 

3.49 

14.67 

1.51 

.01 

.0066 

.0065 

052 

4 

240 

3.99 

14.67 

1.51 

.01 

.0066 

.001 

053 

4.5 

270 

4.49 

14.67 

1.51 

.01 

.0066 

.006. 

054 

5 

300 

4.99 

14.67 

1.51 

.01 

.0066 

.0065 

055 

5.5 

330 

5.49 

14.67 

1.51 

.01 

.0066 

.00( 

056 

6 

360 

5.99 

14.68 

1.52 

4.4409e-16 

0 

0 

057 

6.5 

390 

6.49 

14.68 

1.52 

4.4409e-16 

o 

0 

058 

7 

420 

6.99 

14.68 

1.52 

4.4409e-16 

0 

0 

059 

7.5 

450 

7.49 

14.67 

1.51 

.01 

.0066 

.oot 

060 

8 

480 

7.99 

14.68 

1.52 

4.4409e-16 

0 

0 

061 

8.5 

510 

8.49 

14.68 

1.52 

4.4409e-16 

0 

0 

062 

9 

540 

8.99 

14.68 

1.52 

4.4409e-16 

0 

0 

063 

9.5 

570 

9.49 

14.68 

1.52 

4.4409e-16 

0 

0 

064 

10 

600 

9.99 

14.68 

1.52 

0 

0 

0 

065 

12 

720 

11.99 

0 

0 

0 

0 

066 

14 

840 

13.99 

0 

0 

0 

0 

067 

16 

960 

15.99 

0 

0 

0 

0 

068 

18 

1080 

17.99 

0 

0 

0 

0 

069 

20 

1200 

19.99 

0 

0 

0 

0 

070 

22 

1320 

21.99 

0 

0 

0 

0 

071 

24 

1440 

23.99 

0 

0 

0 

0 

072 

26 

1560 

25.99 

n 

0 

0 

o 

073 

28 

1680 

27.99 

0 

0 

0 

0 

074 

30 

1800 

29.99 

0 

0 

o 

o 

075 

32 

1920 

31.99 

0 

0 

0 

0 

076 

34 

2040 

33.99 

0 

0 

0 

0 

077 

36 

2160 

35.99 

0 

0 

0 

0 

078 

38 

2280 

37.99 

0 

0 

0 

0 

079 

40 

2400 

39.99 

0 

0 

0 

0 

080 

42 

2520 

41.99 

0 

0 

0 

0 

081 

44 

2640 

43.99 

0 

0 

0 

0 

082 

46 

2760 

45.99 

0 

0 

0 

0 

083 

48 

2880 

47.99 

0 

0 

0 

0 

084 

50 

3000 

49.99 

0 

0 

0 

0 

085 

52 

3120 

51.99 

0 

0 

0 

0 

086 

54 

3240 

53.99 

0 

0 

0 

0 

087 

56 

3360 

55.99 

0 

0 

0 

0 

088 

58 

3480 

57.99 

0 

0 

0 

0 

089 

60 

3600 

59.99 

0 

0 

0 

0 

0 


I 
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i-asmo  u i a iiit? c er  *  ir>.  -  . ic. 

s  a  s  i  n  ci  r  .idiLis  >  -  c ;  --  .  j  o  o  - , 

L.enqtn  or  screen  u./  --  r  .&«,  .  \ . 

Heiqnt  or  water  rrom  case  or  screen  <  -i  •  -  r.ou  c . 
Kaditis  of  borenoie  n„;  -  .3)4  t. 

Thictness  of  AattiTer  i  ■_>  .  •  .ciu 

c  -  i .  / 

v  a  “  1.55  V  *  =  t)  •  4 1*  =  it  Sec. 

l  .  1 

i  n  ( b,.,  r  „ )  -  - 

,-i  rt  -  r„ 


1.1  1 . ,  5 

■’  int  5.80/. J44»  f  s.Sv' .*»44) 

=  :.o:- 

K  =  HYDRAULIC  CONDUCTIVITY 

rc-'  l n  i  h»,  r,., ;  i 
r 

>  .  y«:  j.i2  •  .  *._•  j  j  i 


K  -  -  ,  -  .  m  i  i .  b  1>»  .  -0  > 

*-l  ^*wU)  1  L. 

K  =  1.3©  x  iv*  it./ sec. 

K  —  ci./.1  r  t ./  da . 

K  =  -^.lS  >  10-3  cm./  sec. 


T  =  TRANSMISSIVITY 

T  =  ' k /  \  D »  (  ’ . 48  apa/ 1 t ) 

T  =  i 11.75)  t  8.80)  (7.48) 
T  =  ’73.43  qpd/ft 


SLUG  IN  TEST 


MONITOR  Wti.L  NUMBER; 

.'•IK#-*/ 

ELEVATION  'OP  rjF  CASING: 

•  3 .  i  t 

ELEVATION  WATER  (IN): 

12. 4,0 

*  .tvAT  j  .*N  WATER  :  i'^T  i  z 

DEPTH  OF  WELL  '  '  OC : 

/  ?  m  V  A 

r  i  AMi-  TEE  l'F  TSING:  .167  FEET 

SCREEN  LENGTH  AND  INTERVAL; 

10  FEET. 

lb.0  TO  ri.v  FEET  BELOW  GRADE 

SCREtri  FILTEF  l  iPE:  4  H-  T  >  iLi_  -  ENt  1  ~  i  if-/  '--FADE  SILK.'.  -AMD 


SLUG  TEST 

SAMPLE 

NUMBER 

IN: 

TIME 
MINUTES ) 

TIME 

( SECONDS  1 

T(0 ) 

TRANS. 

XD 

SEATING 

H' 

A/B  DATUM 
TRANS. 

u 

TRANS. 

HOLD  ) 

TRANS. 

H/H(0  ■ 

THEOR. 

OOo 

0 

0 

-.0667 

14.56 

1.14 

-.04 

-.0364 

-.0261 

001 

.0033 

.198 

-.0634 

13.80 

.38 

.72 

.6545 

.4706 

002 

.0067 

.402 

-.06 

14.28 

.86 

.24 

.2182 

.1569 

003 

.01 

.6 

-.0567 

13.69 

.27 

.83 

.7545 

.5425 

004 

.0133 

.798 

-.0534 

13.88 

.46 

.64 

.5818 

.4183 

005 

.0167 

1.002 

-.05 

14.14 

.72 

.38 

.3455 

.2484 

006 

.02 

1.2 

-.0467 

13.82 

.4 

.7 

.  6364 

.4575 

007 

.0233 

1.398 

-.0434 

13.69 

.27 

.83 

.7545 

.5425 

008 

.0267 

1.602 

-.04 

14. 15 

.73 

.37 

.3364 

.2418 

009 

.03 

1.8 

-.0367 

13.45 

.03 

1.07 

.9727 

.6993 

010 

.0333 

1.998 

-.0334 

14.18 

.76 

.34 

.3091 

.2222 

Oil 

.05 

3 

-.0167 

13.32 

.1 

* 

X 

.9091 

.6536 

012 

.0667 

4.002 

0 

13.42 

0 

1.1 

1 

.719 

013 

.0833 

4.998 

.0166 

13.32 

.1 

1 

.9091 

.6536 

014 

.1 

6 

.0333 

13.28 

.14 

.96 

.8727 

.6275 

015 

.1167 

7.002 

.05 

13.23 

.19 

.91 

.8273 

.5948 

016 

.1333 

7.998 

.0666 

13.20 

.22 

.88 

.8 

.5752 

017 

.15 

9 

.0833 

13.15 

.27 

.83 

.7545 

.5425 

018 

.1667 

10.002 

.1 

13.12 

.3 

.8 

.7273 

.5229 

019 

.1833 

10.998 

.1166 

13.09 

.33 

.77 

n 
.  » 

.5033 

020 

.2 

12 

.1333 

13.05 

.37 

.73 

.6636 

.4771 

021 

.2167 

13.002 

.15 

13.02 

.4 

.7 

.6364 

.4575 

022 

.2333 

13.998 

.1666 

12.99 

.43 

.67 

.6091 

.4379 

023 

.25 

15 

.1833 

12.96 

.46 

.64 

.5818 

.4183 

024 

.2667 

16.002 

o 

12.94 

.48 

.62 

.5636 

.4052 

025 

.2833 

16.998 

.2166 

12.91 

.51 

.59 

.5364 

.3856 

026 

.3 

18 

.2333 

12.90 

.52 

.58 

.5273 

.3791 

027 

.3167 

19.002 

.25 

12.88 

.54 

.56 

.5091 

.366 

028 

.3333 

19.998 

.2666 

12.85 

.57 

.53 

.4818 

.3464 

029 

.4167 

25.002 

.35 

12.77 

.65 

.45 

.4091 

.2941 

030 

.5 

30 

.4333 

12.69 

.73 

.37 

.3364 

.2418 

031 

.5833 

34.998 

.5166 

12.64 

.78 

.32 

.2909 

.2092 

032 

.6667 

40.002 

.6 

12.59 

.83 

.27 

.2455 

.1765 

033 

.75 

45 

.6833 

12.56 

.86 

.24 

.2182 

.1569 

034 

.8333 

49.998 

.7666 

12.53 

.89 

.21 

.1909 

.1373 

035 

.9167 

55.002 

.85 

12.50 

.92 

.18 

.1636 

.1176 

036 

1 

60 

.9333 

12.48 

.94 

.16 

.1455 

.1046 

037 

1.0833 

64.998 

1.0166 

12.47 

.95 

.15 

.1364 

.098 

038 

1.1667 

70.002 

1.1 

12.45 

.97 

.13 

.1182 

.085 

039 

1.25 

75 

1.1833 

12.43 

.99 

.11 

.1 

.0719 

040 

1.3333 

79.998 

1.2666 

12.42 

1 

.1 

.0909 

.0654 

041 

1.4167 

85.002 

1.35 

12.42 

1 

.1 

.0909 

.0654 

042 

1.5 

90 

1.4333 

12.40 

1.02 

.08 

.0727 

.0523 

043 

1.583 

94.98 

1.5163 

12.40 

1.02 

.08 

.0727 

.0523 

044 

1.6667 

100.002 

1.6 

12.39 

1.03 

.07 

.0636 

.0458 

LUG  TEST  IN: 


H' 


SAMPLE 

TIME 

TIME 

T(01 

XD 

A/B  DATUM 

H 

H  ( 0  ) 

H/H( 0  ' 

NUMBER 

■  MINUTES') 

< SECONDS 

.■  TRANS. 

HEADING 

TRANS. 

TRANS. 

TRANS. 

THEOR. 

1 

1 

t 

1 

1 

1 

1 

1 

— 

045 

1.75 

1C5 

1.6833 

12.39 

1.05 

.05 

.  0455 

.0327 

046 

1.833 

109.98 

1.7663 

12.37 

1.05 

.05 

.  0455 

.0327 

047 

1.9167 

115.002 

1.85 

12.37 

1.05 

.05 

.  0455 

.0327 

048 

o 

120 

1.9333 

12.37 

1.07 

.03 

.0273 

.0196 

049 

2.5 

150 

2.4333 

12.35 

1.08 

.02 

.0182 

.0131 

050 

3 

180 

2.9333 

12.34 

1.08 

.02 

.0182 

.0131 

051 

3.5 

210 

3.4333 

12.34 

1.08 

.02 

.0182 

.0131 

052 

4 

240 

3.9333 

12.34 

1.08 

.  °2 

.  2162 

.0131 

053 

4.5 

2^0 

4.4333 

12.34 

1.08 

•  Jim 

.  .182 

.0131 

054 

5 

300 

4.9333 

12.34 

1.1 

4.4409e-:0 

j 

055 

5.5 

330 

5.4333 

12.32 

1.1 

4.4409e-:6 

) 

056 

6 

360 

5.9333 

12.32 

1.1 

4.4409e-i6 

3 

0 

057 

6.5 

390 

6.4333 

12.32 

1.1 

4.4409e-l6 

.3 

o 

058 

7 

420 

6.9333 

12.32 

1.1 

4 . 4409e- 16 

0 

0 

059 

7.5 

450 

7.4333 

12.32 

1.1 

4.4409e-16 

0 

0 

060 

8 

480 

7.9333 

12.32 

1.1 

4.4409e-16 

0 

0 

061 

8.5 

510 

8.4333 

12.32 

1.1 

4 . 4409e- 16 

0 

0 

062 

9 

540 

8.9333 

12.32 

1.1 

4.4409e-16 

0 

0 

063 

9.5 

570 

9.4333 

12.32 

1.1 

4 . 4409e- 16 

o 

0 

064 

10 

600 

9.9333 

12.32 

0 

0 

n 

0 

065 

12 

720 

11.9333 

0 

0 

o 

0 

066 

14 

840 

13.9333 

0 

n 

0 

n 

067 

16 

960 

15.9333 

0 

o 

p 

n 

068 

18 

1080 

17.9333 

n 

n 

3 

069 

20 

1200 

19.9333 

0 

-i 

070 

22 

1320 

21.9333 

0 

3 

.1 

071 

24 

1440 

23.9333 

o 

n 

0 

n 

072 

26 

1560 

25.9333 

0 

n 

n 

0 

073 

28 

1680 

27.9333 

0 

0 

0 

0 

074 

30 

1800 

29.9333 

0 

0 

0 

0 

075 

32 

1920 

31.9333 

0 

0 

0 

0 

076 

34 

2040 

33.9333 

0 

0 

0 

0 

077 

36 

2160 

35.9333 

0 

0 

0 

n 

078 

38 

2280 

37.9333 

0 

0 

0 

0 

079 

40 

2400 

39.9333 

0 

0 

0 

0 

080 

42 

2520 

41.9333 

0 

0 

0 

0 

081 

44 

2640 

43.9333 

0 

0 

0 

0 

082 

46 

2760 

45.9333 

0 

0 

0 

0 

083 

48 

2880 

47.9333 

0 

0 

0 

0 

034 

50 

3000 

49.9333 

0 

0 

0 

0 

085 

52 

3120 

51.9333 

0 

0 

0 

0 

086 

54 

3240 

53.9333 

0 

0 

0 

0 

087 

56 

3360 

55.9333 

0 

0 

0 

0 

088 

58 

3480 

57.9333 

o 

0 

0 

0 

089 

60 

3600 

59.9333 

0 

0 

0 

0 

Slug  i/o 

m  T  i  r~i  r 


SLUG-  In 
Well  Ho.  1IU-0? 


Casino  i'lartieie*-  =  2  in.  -  .io7  ft. 

Casino  faa ms  tr*i  =  .003  tt. 

Lenatn  ot  screen  iL)  =  10.0  ft. 

Heioht  of  water  from  base  ot  screen  itti  -  14.08  ft. 
Radius  of  borenole  < r„)  •=  .344  ft. 

t'hicKness  of  'Aquifer  (D)  =  8.0  ft. 

C  =1.9 

v ci  =  1 . 0 8  yx  0.61  t  =  1  2  s e c . 


in  l  h„,  r  w •' 


1.1 


In  H/r- 


../  rw 


1 . 1 


1 .9 


In ( 14 .OS/ .344  •  i 10.0/. 344 ) 


77 


K  =  HYDRAULIC  CONDUCTIVITY 


r„a  In  I  R»/rw ; 

K  =  ———————  <  ■.  1  n  i  v  ci *  t ) 

:l 

i  ■.  0S3 )  *■'  i .. .  77 )  : 

K  =  -  i  — \  I  In  1 1 .08/  .8 1 

8(10.0)  12 

K  =  4 . 24  x  10“°  ft. /sec. 

K  =  2.92  ft ./da. 

K  »  1.38  t  10“3  cm. /sec. 


T  «  TRANSMISSIVITY 


T  =  (¥)  ( D t  (7.48  gpd/ft) 

T  -  i  3.92)  (  0.0  )  (7.48) 
T  »  £34.27  gpd/ft 


SLUG  OUT  "57 


UONI  1  OR  WEi.L  NUMBER  : 

rlW-v  7 

ELEVATION  top  OF  CASING: 

23. 1  o 

ELEVATION  WATER  (  IN..  : 

ELEVATION  WATER  tOUT):  12.23 

DEPTH  OF  WELL  i  TOC / : 

27.96 

vIAMF TER  OF  CASING:  .167  FEET 

SCREEN  LtMGTH  AND  INTERVAL : 

iO  FEET. 

i  j  TO  1-5.0  FEET  -ELQW  GRADE 

:CREEM/FXL  TER  I >  7' F ; 

•I  ).F  P.-._ 

L;  r  •  'if  *.  i  r*  m  i  i  MG/  “O  GRADE  oILit-A  a  AND 

AQUIFER  i  '  F'E  AMD  THICKNESS: 

•-LAY  hi 

ILF  AMD  SILTY  SAND,  la  TO  24  FEET  :ELOW  GRADE 

HtO)  fR'ANSLAIIOM: 

1.J5 

HfO)  THEORETICAL:  1.53 

INITIAL  CONSISTENT  VALUE: 

10.97 

TRANS.  flETH.  (SLUG  OUT)  T(0):  .0667 

FINAL  TRANSDUCER  VALUE: 

12.32 

SLUG  TEST 

SAMPLE 

NUMBER 

OUT: 

TIME 

(MINUTES) 

TIME 

( SECONDS ) 

T(0) 

TRANS. 

XD 

READING 

H' 

A/B  DATUM 
TRANS. 

H 

TRANS. 

H/H(0) 

TRANS. 

H/H(0) 
THE(  . 

000 

0 

0 

-.0667 

11.94 

.97 

.38 

.2815 

.24f 

001 

.0033 

.198 

-.0634 

11.70 

.73 

.62 

.4593 

.40f 

002 

.0067 

.402 

-.06 

11.62 

.65 

.7 

.5185 

.4575 

003 

.01 

.6 

-.0567 

11.22 

.25 

1.1 

.8148 

.7?° 

004 

.0133 

.798 

-.0534 

11.35 

.38 

.97 

.7185 

005 

.0167 

1.002 

-.05 

11.75 

.78 

.57 

.4222 

.372o 

006 

.02 

1.2 

-.0467 

12.75 

1.78 

-.43 

-.3185 

-.281 

007 

.0233 

1.398 

-.0434 

11.25 

.28 

1.07 

.7926 

.69< 

008 

.0267 

1.602 

-.04 

11.99 

1.02 

.33 

.2444 

.215 . 

009 

.03 

1.8 

-.0367 

12.48 

1.51 

-.16 

-.1185 

-.1046 

010 

.0333 

1.998 

-.0334 

11.40 

.43 

.92 

.6815 

.60] 

Oil 

.05 

3 

-.0167 

10.73 

-.24 

1.59 

1.1778 

l.OC  2 

012 

.0667 

4.002 

0 

10.97 

0 

1.35 

1 

.8824 

013 

.0833 

4.998 

.0166 

11.05 

.08 

1.27 

.9407 

.830’ 

014 

.1 

6 

.0333 

11.13 

.16 

1.19 

.8815 

.77", 

015 

.1167 

7.002 

.05 

11.19 

.22 

1.13 

.837 

.738b 

016 

.1333 

7.998 

.0666 

11.25 

.28 

1.07 

.7926 

.6993 

017 

.15 

9 

.0833 

11.30 

.33 

1.02 

.7556 

.666 

018 

.1667 

10.002 

.1 

11.35 

.38 

.97 

.7185 

.63. 

019 

.1833 

10.998 

.1166 

11.40 

.43 

.92 

.6815 

.6013 

020 

.2 

12 

.1333 

11.45 

.48 

.87 

.6444 

.566 

021 

.2167 

13.002 

.15 

11.49 

.52 

.83 

.6148 

.542 

022 

.2333 

13.998 

.1666 

11.53 

.56 

.79 

.5852 

.5163 

023 

.25 

15 

.1833 

11.56 

.59 

.76 

.563 

.496” 

024 

.2667 

16.002 

.2 

11.59 

.62 

.73 

.5407 

.477 

025 

.2833 

16.998 

.2166 

11.62 

.65 

.7 

.5185 

.4575 

026 

.3 

18 

.2333 

11.65 

.68 

.67 

.4963 

.4379 

027 

.3167 

19.002 

.25 

11.67 

.7 

.65 

.4815 

.424 

028 

.3333 

19.998 

.2666 

11.70 

.73 

.62 

.4593 

.405.. 

029 

.4167 

25.002 

.35 

11.81 

.84 

.51 

.3778 

.3333 

030 

.5 

30 

.4333 

11.89 

.92 

.43 

.3185 

.28 

031 

.5833 

34.998 

.5166 

11.97 

1 

.35 

.2593 

.228 

032 

.6667 

40.002 

.6 

12.02 

1.05 

.3 

.2222 

.1961 

033 

.75 

45 

.6833 

12.05 

1.08 

.27 

.2 

.176" 

034 

.8333 

49.998 

.7666 

12.10 

1.13 

.22 

.163 

.143 

035 

.9167 

55.002 

.85 

12.13 

1.16 

.19 

.1407 

.1242 

036 

1 

60 

.9333 

12.15 

1.18 

.17 

.1259 

.111’ 

037 

1.0833 

64.998 

1.0166 

12.16 

1.19 

.16 

.1185 

.104 

038 

1.1667 

70.002 

1.1 

12.19 

1.22 

.13 

.0963 

.08o 

039 

1.25 

75 

1.1833 

12.19 

1.22 

.13 

.0963 

.085 

040 

1.3333 

79.998 

1.2666 

12.21 

1.24 

.11 

.0815 

.071 

041 

1.4167 

85.002 

1.35 

12.22 

1.25 

.1 

.0741 

.065. 

042 

1.5 

90 

1.4333 

12.22 

1.25 

.1 

.0741 

.0654 

043 

1.583 

94.98 

1.5163 

12.24 

1.27 

.08 

.0593 

.052 

044 

1.6667 

100.002 

1  6 

12.24 

1.27 

.08 

.0593 

.052 

0 


SLUG  TEST  OUT: 


SAMPLE 

NUMBER 

TIME 

(MINUTES) 

TIME 

(SECONDS) 

T(0) 
i  TRANS. 

XD 

READING 

H' 

A/B  DATUM 
TRANS. 

H 

TRANS. 

H/H(0) 

TRANS. 

H/H(0) 

THEOR. 

045 

1.75 

105 

1.6833 

12.24 

1.27 

.08 

.0593 

.0523 

046 

1.833 

109.98 

1.7663 

12.26 

1.29 

.06 

.0444 

.0392 

047 

1.9167 

115.002 

1.85 

12.26 

1.29 

.06 

.0444 

.0392 

048 

2 

120 

1.9333 

12.26 

1.29 

.06 

.0444 

.0392 

049 

2.5 

150 

2.4333 

12.29 

1.32 

.03 

.0222 

.0196 

050 

3 

180 

2.9333 

12.30 

1.33 

.02 

.0148 

.0131 

051 

3.5 

210 

3.4333 

12.30 

1.33 

.02 

.0148 

.0131 

052 

4 

240 

3.9333 

12.30 

1.33 

.02 

.0148 

.0131 

053 

4.5 

270 

4.4333 

12.30 

1.33 

.02 

.0148 

.0131 

054 

5 

300 

4.9333 

12.30 

1.33 

.02 

.0148 

.0131 

055 

5.5 

330 

5.4333 

12.30 

1.33 

.02 

.0148 

.0131 

056 

6 

360 

5.9333 

12.32 

1.35 

4.4409e-l6 

0 

0 

057 

6.5 

390 

6.4333 

12.32 

1.35 

4.4409e-l6 

0 

0 

058 

7 

420 

6.9333 

12.32 

1.35 

4.4409e-l6 

0 

0 

059 

7.5 

450 

7.4333 

12.32 

1.35 

4 . 4409e- 16 

0 

0 

060 

8 

480 

7.9333 

12.32 

1.35 

4.4409e-16 

0 

0 

061 

8.5 

510 

8.4333 

12.32 

1.35 

4.4409e-16 

0 

0 

062 

9 

540 

8.9333 

12.32 

1.35 

4.4409e-16 

0 

0 

063 

9.5 

570 

9.4333 

12.32 

1.35 

4.4409e-16 

0 

0 

064 

10 

600 

9.9333 

12.32 

1.35 

0 

0 

0 

065 

12 

720 

11.9333 

0 

0 

0 

0 

066 

14 

840 

13.9333 

0 

0 

0 

0 

067 

16 

960 

15.9333 

0 

0 

0 

0 

068 

18 

1080 

17.9333 

0 

0 

0 

0 

069 

20 

1200 

19.9333 

0 

0 

0 

0 

070 

22 

1320 

21.9333 

0 

0 

0 

0 

071 

24 

1440 

23.9333 

0 

0 

0 

0 

072 

26 

1560 

25.9333 

0 

0 

0 

0 

073 

28 

1680 

27.9333 

0 

0 

0 

0 

074 

30 

1800 

29.9333 

0 

0 

0 

0 

075 

32 

1920 

31.9333 

0 

0 

0 

0 

076 

34 

2040 

33.9333 

0 

0 

0 

0 

077 

36 

2160 

35.9333 

0 

0 

0 

0 

078 

38 

2280 

37.9333 

0 

0 

0 

0 

079 

40 

2400 

39.9333 

0 

0 

0 

0 

080 

42 

2520 

41.9333 

0 

0 

0 

0 

081 

44 

2640 

43.9333 

0 

0 

0 

0 

082 

46 

2760 

45.9333 

0 

0 

0 

0 

083 

48 

2880 

47.9333 

0 

0 

0 

0 

084 

50 

3000 

49.9333 

0 

0 

0 

0 

085 

52 

3120 

51.9333 

0 

0 

0 

0 

086 

54 

3240 

53.9333 

0 

0 

0 

0 

087 

56 

3360 

55.9333 

0 

0 

0 

0 

088 

58 

3480 

57.9333 

0 

0 

0 

0 

089 

60 

3600 

59.9333 

0 

0 

0 

0 

0  0 


SLUG—  uUT 
Weil  Ho.  ;"W-07 


-<ssino  Diameter  =  1  in.  -  ,io7  tt. 

-:tSlfU1  r»OU(S  lfeJ  “  .003  Tt. 

-enutn  or  screen  <L)  -  10.0  re. 

«eiqht  or  water  from  case  of  screen  H>  -  14.08  ft. 
Radius  of  borehole  (rw)  =  .04a  *t. 

t'hicKness  or  AauiTer  (D)  -  8.0  ft. 

o  ~  i .  y 

s  1.30  y*  =  0.7b  t  =  to  sec. 


in 1  tw  r„ ; 


i .  1 


in  H/rw 


-1 


i.l 


ln( 14.03/ .344)  <10.0/ .344) 


=  2.77 

K  *  HYDRAULIC  CONDUCTIVITY 

r  c  *“  1. 1 1 1  R  •  /  f  w  i  i 

K  -  -  s  -  .<  int  y„/  >■ .. ,i 

2L 


K  = 

i  .080)0-  i  2.7 

/ 

2( 10. OJ 

‘  “  A 

K  = 

a. 37  <  10-° 

ft. /sec 

K  S 

3.79 

f  t .  /  d  a . 

K  = 

1.33  x  10~3 

cm. /sec 

T  =  TRANSHISSIVITY 

T  =  (K)  (0)  (7.48  qpd/ft) 

T  »  (  3.79)  (  8.0  )  (7.48) 

T  « 


226.79  qpd/ft 


LUG  li j  i  c3  i 


•lONiTuR  WELL  NUMBER :  WW-Orf 


ELEVATION  I  uF'  OF  CASING: 


r.LEVATIQN  WAFER  ! IN) : 

J .  66 

-  LEVA T I ON  WATER  • uUT  ' : 

DEPTH  OF  WELL  (TOC): 

*7  r  C 

4_  /  •  «j  k* 

WANE  TER  OF  CASING:  .167  FEET 

SCREEN  LENGTH  AND  INTERVAL: 

1  ->  FEET, 

l  .v  TO  2j.O  FEET  Bt LOW  GRADE 

SCREEN-  FILTER  T=C'E: 

!»  IC  PAR 

•  :  ■  T:  NE  TR'A  I ING/  ..  1  /  4'.*  bf’AvE  SILlLA  SAND 

'tlUIFLF.  I  •  F  E  AND  i nlC r NES: : 

■  i.A  i  E  • 

]  u  T  -,r'iD  S 1  l  i  Y  SAND.  Is  10  '■■EET  tELGW  GRADE 

H(0'  TF,  ANSL  A  i  I  ON: 

t  .  ■  j  0 

Hi  0  »  THEORETICAL:  1.53 

INITIAL  CONSISTENT  VALUE: 

1  0  »  /  u 

TRANS.  i'lETH.  i  SLUG  IN)  Tt'O):  .03 

FINAL  TFANSDUCEF.  VALUE: 


f  .  67 


I 


SLUG  TEST  IN: 


H' 


SAMPLE 

NUMBER 

TIME 

(MINUTES) 

TIME 

( SECONDS ) 

T(0) 

TRANS. 

XD 

READING 

A/B  DATUM 
TRANS. 

H 

TRANS. 

H/H(0) 

TRANS. 

H/H(0) 

THEOR. 

000 

0 

0 

-.03 

10.80 

.08 

.97 

.9238 

.634 

001 

.0033 

.198 

-.0267 

13.34 

2.62 

-1.57 

-1.4952 

-1.0261 

002 

.0067 

.402 

-.0233 

12.55 

1.83 

-.78 

-.7429 

-.5098 

003 

.01 

.6 

-.02 

10.61 

.11 

.94 

.8952 

.6144 

004 

.0133 

.798 

-.0167 

9.70 

1.02 

.03 

.0286 

.0196 

005 

.0167 

1.002 

-.0133 

11.01 

.29 

.76 

.7238 

.4967 

006 

.02 

1.2 

-.01 

11.52 

.8 

.25 

.2381 

.1634 

007 

.0233 

1.398 

-.0067 

10.80 

.08 

.97 

.9238 

.634 

008 

.0267 

1.602 

-.0033 

10.58 

.14 

.91 

.8667 

.5948 

009 

.03 

1.8 

0 

10.72 

0 

1.05 

1 

.6863 

010 

.0333 

1.998 

.0033 

10.66 

.06 

.99 

.9429 

.6471 

Oil 

.05 

3 

.02 

10.43 

.29 

.76 

.7238 

.4967 

012 

.0667 

4.002 

.0367 

10.42 

.3 

.75 

.7143 

.4902 

013 

.0833 

4.998 

.0533 

10.37 

.35 

.7 

.6667 

.4575 

014 

.1 

6 

.07 

10.34 

.38 

.67 

.6381 

.4379 

015 

.1167 

7.002 

.0867 

10.31 

.41 

.64 

.6095 

.4183 

016 

.1333 

7.998 

.1033 

10.29 

.43 

.62 

.5905 

.4052 

017 

.15 

9 

.12 

10.26 

.46 

.59 

.5619 

.3856 

018 

.1667 

10.002 

.1367 

10.24 

.48 

.57 

.5429 

.3725 

019 

.1833 

10.998 

.1533 

10.23 

.49 

.56 

.5333 

.366 

020 

.2 

12 

.17 

10.20 

.52 

.53 

.5048 

.3464 

021 

.2167 

13.002 

.1867 

10.18 

.54 

.51 

.4857 

.3333 

022 

.2333 

13.998 

.2033 

10.16 

.56 

.49 

.4667 

.3203 

023 

.25 

15 

.22 

10.15 

.57 

.48 

.4571 

.3137 

024 

.2667 

16.002 

.2367 

10.15 

.57 

.48 

.4571 

.3137 

025 

.2833 

16.998 

.2533 

10.13 

.59 

.46 

.4381 

.3007 

026 

.3 

18 

.27 

10.12 

.6 

.45 

.4286 

.2941 

027 

.3167 

19.002 

.2867 

10.10 

.62 

.43 

.4095 

.281 

028 

.3333 

19.998 

.3033 

10.08 

.64 

.41 

.3905 

.268 

029 

.4167 

25.002 

.3867 

10.05 

.67 

.38 

.3619 

.2484 

030 

.5 

30 

.47 

10.00 

.72 

.33 

.3143 

.2157 

031 

.5833 

34.998 

.5533 

9.97 

.75 

.3 

.2857 

.1961 

032 

.6667 

40.002 

.6367 

9.96 

.76 

.29 

.2762 

.1895 

033 

.75 

45 

.72 

9.93 

.79 

.26 

.2476 

.1699 

034 

.8333 

49.998 

.8033 

9.89 

.83 

.22 

.2095 

.1438 

035 

.9167 

55.002 

.8867 

9.88 

.84 

.21 

.  2 

.1373 

036 

1 

60 

.97 

9.86 

.86 

.19 

.181 

.1242 

037 

1.0833 

64.998 

1.0533 

9.85 

.87 

.18 

.1714 

.1176 

038 

1.1667 

70.002 

1.1367 

9.83 

.89 

.16 

.1524 

.1046 

039 

1.25 

75 

1.22 

9.81 

.91 

.14 

.1333 

.0915 

040 

1.3333 

79.998 

1.3033 

9.80 

.92 

.13 

.1238 

.085 

041 

1.4167 

85.002 

1.3867 

9.80 

.92 

.13 

.1238 

.085 

042 

1.5 

90 

1.47 

9.78 

.94 

.11 

.1048 

.0719 

043 

1.583 

94.98 

1.553 

9.78 

.94 

.11 

.1048 

.0719 

044 

1.6667 

100.002 

1.6367 

9.77 

.95 

.1 

.0952 

.0654 

I 
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iLUG  ij'jr  i  £5T 


PIONITCR  WELL  NUMBE;'- 


ELEVATION  TOP  OF  CASING: 

03. 

ELEVATION  WATER  t  L N ■ : 

ELEVAT 

I  Oil  uImTER  i  OUT):  '-’.So 

DEPTH  OF  WELL  ;  TOC  , ; 

-F.S? 

1/  I  Hf'l2-  i 

ER  GF  CASING:  .167  FEET 

SCREEN  lcNGTH  AND  INTER'v'At.: 

!.0  FEET. 

L  J  -  0  f 

0  .  T.O  FEET  i'ELOW  GRADE 

.•'wREEI'i  EIL.ER  ■  E: 

10  E  P 

'  I  Ml.  L 

r  r  it  T  F  .*!  i  r  .*  iG  /  -  ^ 1 1  *J  F  h  L>  l.  ; 

ILILm  : AND 

A  G  Hire,  r.  T  r  p  E  h  7  F«  I C riE  -■  E  ; 

.  M  *  ! .  T 

' i.T  A,-:D 

SIi_T.  SAND.  * »  TO  2?  FEE  i 

;ELuuJ  GRADE 

'i  ( 0  )  '  RhNSLm  •  I  CM  s 

i  >  1  b 

Hi  O  '  i 

HEORETIC AL :  1 .  S3 

INITIAL  CONSISTENT  VALUE: 

•3.4v 

TRANS . 

I1ETH.  i  SLUG  OUT)  TiO): 

. 

FINAL  TRANSDUCER  VALUE: 

9.67 

V 


SLUG  TEST  OUT: 


SAMPLE 

NUMBER 

TIME 

(MINUTES) 

TIME 

( SECONDS ) 

T(0) 

TRANS. 

XD 

READING 

H* 

A/B  DATUM 
TRANS. 

H 

TRANS. 

HAUO) 

TRANS. 

000 

0 

0 

-.05 

9.64 

1.15 

.03 

.0254 

001 

.0033 

.198 

-.0467 

8.97 

.48 

.7 

.5932 

002 

.0067 

.402 

-.0433 

8.94 

.45 

.73 

.6186 

003 

.01 

.6 

-.04 

9.05 

.56 

.62 

.5254 

004 

.0133 

.798 

-.0367 

8.91 

.42 

.76 

.6441 

005 

.0167 

1.002 

-.0333 

9.29 

.8 

.38 

.322 

006 

.02 

1.2 

-.03 

9.85 

1.36 

-.18 

-.1525 

007 

.0233 

1.398 

-.0267 

6.92 

.43 

.75 

.6356 

008 

.0267 

1.602 

-.0233 

8.78 

.29 

.89 

.7542 

009 

.03 

1.8 

-.02 

10.07 

1.58 

-.4 

-.339 

010 

.0333 

1.998 

-.0167 

9.08 

.59 

.59 

.5 

Oil 

.05 

3 

0 

3.49 

0 

1.16 

i 

012 

.0667 

4.002 

.0167 

3.45 

-.04 

1.0339 

013 

.0833 

4.998 

.0333 

8.54 

.05 

1.13 

.9576 

014 

.1 

6 

.05 

8.62 

.13 

1.05 

.8898 

015 

.1167 

7.002 

.0667 

8.70 

.21 

.97 

.822 

016 

.1333 

7.998 

.0833 

8.76 

.27 

.91 

.7712 

01" 

.15 

9 

.1 

8.81 

.32 

.86 

.7288 

018 

.1667 

10.002 

.1167 

8.86 

.37 

.81 

.6864 

019 

.1833 

10.998 

.1333 

8.91 

.42 

.76 

.6441 

020 

.2 

12 

.15 

8.94 

.45 

.73 

.6186 

021 

.2167 

13.002 

.1667 

8.99 

.5 

.68 

.5763 

022 

.2333 

13.998 

.1833 

9.02 

.53 

.65 

.5508 

023 

.25 

15 

.2 

9.05 

.56 

.62 

.5254 

024 

.2667 

16.002 

.2167 

9.07 

.58 

.6 

.5085 

025 

.2833 

16.998 

.2333 

9.10 

.61 

.57 

.4831 

026 

.3 

18 

.25 

9.11 

.62 

.56 

.4746 

027 

.3167 

19.002 

.2667 

9.15 

.66 

.52 

.4407 

028 

.3333 

19.998 

.2833 

9.16 

.67 

.51 

.4322 

029 

.4167 

25.002 

.3667 

9.24 

.75 

.43 

.3644 

030 

.5 

30 

.45 

9.29 

.8 

.38 

.322 

031 

.5833 

34.998 

.5333 

9.32 

.83 

.35 

.2966 

032 

.6667 

40.002 

.6167 

9.35 

.86 

.32 

.2712 

033 

.75 

45 

.7 

9.38 

.89 

.29 

.2458 

034 

.8333 

49.998 

.7833 

9.42 

.93 

.25 

.2119 

035 

.9167 

55.002 

.8667 

9.43 

.94 

.24 

.2034 

036 

1 

60 

.95 

9.45 

.96 

.22 

.1864 

037 

1.0833 

64.998 

1.0333 

9.46 

.97 

.21 

.178 

038 

1.1667 

70.002 

1.1167 

9.48 

.99 

.19 

.161 

039 

1.25 

75 

1.2 

9.50 

1.01 

.17 

.1441 

040 

1.3333 

79.998 

1.2833 

9.51 

1.02 

.16 

.1356 

041 

1.4167 

85.002 

1.3667 

9.53 

1.04 

.14 

.1186 

042 

1.5 

90 

1.45 

9.53 

1.04 

.14 

.1186 

043 

1.583 

94.98 

1.533 

9.54 

1.05 

.13 

.1102 

044 

1.6667 

100.002 

1.6167 

9.54 

1.05 

.13 

.1102 

H/H( 0 ' 

THEl  . 


.oir ' 
.45', 
.4771 
.  405^ 
.49* 
.24b« 
-.1176 
.49( 
.581 
-.2614 
.38* 
.771 
7974 
.736'' 

.  68€ 
.634 
.5948 
.562 
.529. 
.4967 
.477 
.444 
.4248 
.405'' 
.392 
.3725 
.366 
.339 
.  333. 
.281 
.248 
.228 
.2092 
.189" 
.163 
.1569 
.143° 
.137 
.  124i 
.1111 
.104 
.091. 
.0915 
.08: 
.08' 


SLUG  TEST 

SAMPLE 

NUMBER 

OUT: 

TIME 

■  MINUTES ) 

TIME 

i  SECONDS  1 

T(0) 

TRANS. 

XD 

READING 

H' 

A/B  DATUM 
TRANS. 

H 

TRANS. 

H/H(0 ) 
TRANS. 

H/H( 0 ) 
THEOR. 

045 

1.75 

105 

1.7 

9.56 

1.07 

.11 

.0932 

.0719 

046 

1.833 

109.98 

1.783 

9.58 

1.09 

.09 

.0763 

.0588 

047 

1.9167 

115.C02 

1.3667 

9.58 

1.09 

.09 

.0763 

.0588 

048 

2 

120 

1.95 

9.58 

1.09 

.09 

.0763 

.0588 

049 

2.5 

150 

2.45 

9.61 

1.12 

.06 

.0508 

.0392 

050 

3 

180 

2.95 

9.62 

1.13 

.05 

.0424 

.0327 

051 

3.5 

210 

3.45 

9.64 

1.15 

.03 

.0254 

.0196 

052 

4 

240 

3.95 

9.64 

1.15 

.03 

.0254 

.0196 

053 

4.5 

270 

4.45 

9.65 

1.16 

.02 

.0169 

.0131 

054 

5 

300 

4.95 

9.65 

1.16 

.02 

.0169 

.0131 

055 

5.5 

330 

5.45 

9.65 

1.16 

.02 

.0169 

.0131 

056 

6 

360 

5.95 

9.67 

1.18 

2.2204e-l6 

0 

0 

057 

6.5 

390 

6 . 45 

9.67 

1.18 

2.2204e-:6 

0 

0 

058 

7 

420 

6.95 

9.67 

1.18 

2.2204e-io 

0 

0 

059 

7.5 

450 

7.45 

9.67 

1.18 

2.2204e-i6 

0 

0 

060 

8 

480 

7.95 

9.67 

1.18 

2.2204e-16 

0 

0 

061 

8.5 

510 

8.45 

9.67 

1.18 

2.2204e-l6 

0 

0 

062 

9 

540 

8.95 

9.67 

1.18 

2.2204e-l6 

0 

0 

063 

9.5 

570 

9.45 

9.67 

1.18 

2.2204e-16 

0 

0 

064 

10 

600 

9.95 

9.67 

1.18 

0 

0 

0 

065 

12 

720 

11.95 

0 

0 

0 

0 

066 

14 

840 

13.95 

0 

0 

0 

0 

067 

16 

960 

15.95 

0 

0 

0 

0 

068 

18 

1080 

17.95 

0 

0 

0 

0 

069 

20 

1200 

19.95 

0 

0 

0 

0 

070 

22 

1320 

21.95 

0 

0 

0 

0 

071 

24 

1440 

23.95 

0 

0 

0 

0 

072 

26 

1560 

25.95 

0 

0 

0 

0 

073 

28 

1680 

27.95 

0 

0 

0 

0 

074 

30 

1800 

29.95 

0 

0 

0 

0 

075 

32 

1920 

31.95 

0 

0 

0 

0 

076 

34 

2040 

33.95 

0 

0 

0 

0 

077 

36 

2160 

35.95 

0 

0 

c 

0 

078 

38 

2280 

37.95 

0 

0 

0 

0 

079 

40 

2400 

39.95 

0 

0 

0 

0 

080 

42 

2520 

41.95 

0 

0 

0 

0 

081 

44 

2640 

43.95 

0 

0 

0 

0 

082 

46 

2760 

45.95 

0 

0 

0 

0 

083 

48 

2880 

47.95 

0 

0 

0 

0 

084 

50 

3000 

49.95 

0 

0 

0 

0 

085 

52 

3120 

51.95 

0 

0 

0 

0 

086 

54 

3240 

53.95 

0 

0 

0 

0 

087 

56 

3360 

55.95 

0 

0 

0 

0 

088 

58 

3480 

57.95 

0 

0 

0 

0 

08  9 

60 

3600 

59.95 

0 

0 

0 

0 

0 

SLUG  IN  TEST 


MONITOR  WELL  NUMBER:  MW-09 

ELEVATION  TOP  OF  CASING:  25.27 

ELEVATION  WATER  (IN):  8.67  ELEVATION  WATER  (OUT): 

DEPTH  OF  WELL  (TOC):  32.53  DIAMETER  OF  CASING:  .167  FEET 

SCREEN  LENGTH  AND  INTERVAL:  10  FEET.  20.0  TO  30.0  FEET  BELOW  GRADE 

SCREEN/FILTER  TYPE:  it  10  PARTIALLY  PENETRATING/  £0/40  GRADE  SILICA  SAND 

AQUIFER  TYPE  AND  THICKNESS:  CLAYEY  SILT  AND  SILTY  SAND.  19  TO  ?  FEET  EELOW  GRADE 
H(0)  TRANSLATION:  1.24  HfO)  THEORETICAL:  1.53 

INITIAL  CONSISTENT  VALUE:  9.89  TRANS.  METH.  (SLUG  IN)  T(0):  .05 


FINAL  TRANSDUCER  VALUE: 


8.65 


SLUG  TEST 

SAMPLE 

NUMBER 

IN: 

TIME 

'MINUTES) 

TIME 

( SECONDS ) 

T(0) 

TRANS. 

XD 

READING 

H' 

A/B  DATUM 
TRANS. 

H 

TRANS. 

H/H( 0 ) 

TRANS. 

H/H( 0 1 
THEOR. 

000 

0 

0 

-.05 

11.51 

1.62 

-.38 

-.3065 

-.2484 

001 

.0033 

.198 

-.0467 

11.30 

1.41 

-.17 

-.1371 

-.1111 

002 

.0067 

.402 

-.0433 

10.99 

1.1 

.14 

.1129 

.0915 

003 

.01 

.6 

-.04 

9.00 

.89 

.35 

.2823 

.2288 

004 

.0133 

.798 

-.0367 

10.25 

.36 

.88 

.7097 

.5752 

005 

.0167 

1.002 

-.0333 

10.35 

.46 

.78 

.629 

.5098 

006 

.02 

1.2 

-.03 

8.81 

1.08 

.16 

.129 

.1046 

007 

.0233 

1.398 

-.0267 

9.76 

.13 

1.11 

.8952 

.7255 

008 

.0267 

1.602 

-.0233 

10.53 

.64 

.6 

.4839 

.3922 

009 

.03 

1.8 

-.02 

9.67 

.22 

1.02 

.8226 

.6667 

010 

.0333 

1.998 

-.0167 

5.79 

1.14 

.9194 

.7451 

Oil 

.05 

3 

0 

3 . 89 

0 

1.24 

1 

.8105 

012 

.0667 

4.002 

.0167 

9.84 

.05 

1.19 

.9597 

.7778 

013 

.0833 

4.998 

.0333 

9.81 

.08 

1.16 

.9355 

.7582 

014 

.1 

6 

.05 

9.76 

.13 

1.11 

.8952 

.7255 

015 

.1167 

7.002 

.0667 

9.73 

.16 

1.08 

.871 

.7059 

016 

.1333 

7.998 

.0833 

9.70 

.19 

1.05 

.8468 

.6863 

017 

.15 

9 

.1 

9.67 

.13 

1.11 

.8952 

.7255 

018 

.1667 

10.002 

.1167 

9.63 

.26 

.98 

.7903 

.6405 

019 

.1833 

10.998 

.1333 

9.60 

.29 

.95 

.7661 

.6209 

020 

.2 

12 

.15 

9.57 

.32 

.92 

.7419 

.6013 

021 

.2167 

13.002 

.1667 

9.54 

.35 

.89 

.7177 

.5817 

022 

.2333 

13.998 

.  1833 

9.51 

.38 

.86 

.6935 

.5621 

023 

.25 

15 

O 

9 . 49 

.4 

.84 

.6774 

.549 

024 

.2667 

16.002 

.2167 

9.46 

.43 

.81 

.6532 

.5294 

025 

.2833 

16.998 

.2333 

9.44 

.45 

.79 

.6371 

.5163 

026 

.3 

18 

.25 

9.41 

.48 

.76 

.6129 

.  4967 

027 

.3167 

19.002 

.2667 

9.40 

.49 

.75 

.6048 

.4902 

028 

.3333 

19.998 

.2833 

9.36 

.53 

.71 

.5726 

.4641 

029 

.4167 

25.002 

.3667 

9.27 

.62 

.62 

.5 

.4052 

030 

.5 

30 

.45 

9.19 

.7 

.54 

.4355 

.3529 

031 

.5833 

34.998 

.5333 

9.13 

.76 

.48 

.3871 

.3137 

032 

.6667 

40.002 

.6167 

9.06 

.83 

.41 

.3306 

.268 

033 

.75 

45 

.7 

9.00 

.89 

.35 

.2823 

.2288 

034 

.8333 

49.998 

.7833 

8.97 

.92 

.32 

.2581 

.2092 

035 

.9167 

55.002 

.8667 

8.92 

.97 

.27 

.2177 

.1765 

036 

1 

60 

.95 

8.89 

1 

.24 

.1935 

.1569 

037 

1.0833 

64.998 

1.0333 

8.86 

1.03 

.21 

.1694 

.1373 

038 

1 . 1667 

70.002 

1.1167 

8.84 

1.05 

.19 

.1532 

.1242 

039 

1.25 

75 

1.2 

8.81 

1.08 

.16 

.129 

.1046 

040 

1.3333 

79.998 

1.2833 

8.79 

1.1 

.14 

.1129 

.0915 

041 

1.4167 

85.002 

1.3667 

8.78 

1.11 

.13 

.1048 

.085 

042 

1.5 

90 

1.45 

8.76 

1.13 

.11 

.0887 

.0719 

043 

1.583 

94.98 

1.533 

8.74 

1.15 

.09 

.0726 

.0588 

044 

1.6667 

100.002 

1.6167 

8.74 

1.15 

.09 

.0726 

.0588 

SLUG  TEST 

SAMPLE 

NUMBER 

IN: 

TIME 

(MINUTES'! 

TIME 

(SECONDS) 

TCO) 

TRANS. 

XD 

READING 

H' 

A/B  DATUM 
TRANS. 

H 

TRANS. 

H/H(0) 

TRANS. 

H/H(0) 

THEOR. 

045 

1.75 

105 

1.7 

8.73 

1.18 

.06 

.0484 

.0392 

046 

1.833 

109.98 

1.783 

8.71 

1.18 

.06 

.0484 

.0392 

047 

1.9167 

115.002 

1.8667 

8.71 

1.19 

.05 

.0403 

.0327 

048 

2 

120 

1.95 

8.70 

1.22 

.02 

.0161 

.0131 

049 

2.5 

150 

2.45 

8.67 

1.22 

.02 

.0161 

.0131 

050 

3 

180 

2.95 

8.67 

1.24 

-2.220e-16 

0 

0 

051 

3.5 

210 

3.45 

8.65 

1.24 

-2.220e-16 

0 

0 

052 

4 

240 

3.95 

8.65 

1.24 

-2.220e-16 

0 

0 

053 

4.5 

270 

4.45 

8.65 

1.24 

-2.220e-16 

0 

0 

054 

5 

300 

4.95 

8.65 

1.24 

-2.220e-16 

0 

0 

055 

5.5 

330 

5.45 

3.65 

1.24 

-2.220e-16 

o 

0 

056 

6 

360 

5.95 

8.65 

1.24 

-2.220e-lS 

0 

0 

057 

6.5 

390 

6.45 

8.65 

1.24 

-2.220e-l6 

0 

0 

058 

7 

420 

6.95 

8.65 

1.24 

-2.220e-16 

0 

0 

059 

7.5 

450 

7.45 

8.65 

1.24 

-2.220e-l6 

0 

0 

060 

8 

480 

7.95 

8.65 

1.24 

-2.220e-16 

0 

0 

061 

8.5 

510 

8.45 

8.65 

1.24 

-2.220e-16 

0 

0 

062 

9 

540 

8.95 

8.65 

1.24 

-2.220e-l6 

0 

0 

063 

9.5 

570 

9.45 

8.65 

1.24 

-2.220e-l6 

0 

0 

064 

10 

600 

9.95 

8.65 

0 

0 

0 

0 

065 

12 

720 

11.95 

0 

0 

0 

0 

066 

14 

840 

13.95 

0 

0 

0 

0 

067 

16 

960 

15.95 

0 

0 

0 

0 

068 

18 

1080 

17.95 

0 

0 

0 

0 

069 

20 

1200 

19.95 

0 

0 

0 

0 

070 

22 

1320 

21.95 

0 

0 

0 

0 

071 

24 

1440 

23.95 

0 

0 

0 

0 

072 

26 

1560 

25.95 

0 

0 

0 

0 

073 

28 

1680 

27.95 

0 

0 

0 

0 

074 

30 

1800 

29.95 

0 

0 

0 

0 

075 

32 

1920 

31.95 

0 

0 

0 

0 

076 

34 

2040 

33.95 

0 

0 

0 

0 

077 

36 

2160 

35.95 

0 

0 

0 

0 

078 

38 

2280 

37.95 

0 

0 

0 

0 

079 

40 

2400 

39.95 

0 

0 

0 

0 

080 

42 

2520 

41.95 

0 

0 

0 

0 

081 

44 

2640 

43.95 

0 

0 

0 

0 

082 

46 

2760 

45.95 

0 

0 

0 

0 

083 

48 

2880 

47.95 

0 

0 

0 

0 

084 

50 

3000 

49.95 

0 

0 

0 

0 

085 

52 

3120 

51.95 

0 

0 

0 

0 

086 

54 

3240 

53.95 

0 

0 

0 

0 

087 

56 

3360 

55.95 

0 

0 

0 

0 

088 

58 

3480 

57.95 

0 

0 

0 

0 

089 

60 

3600 

59.95 

0 

0 

0 

0 

I 


SLUG-  In 
Well  rlo.  -1U-09 


Casino  Diameter  =  2  in.  =  .167  ft. 

Casina  racuus  ire)  =  .083  it. 
cenatn  or  screen  tL)  =  10.0  ft. 

Height  ot  water  rrom  base  ot  screen  >.  4 1  =  12.93  rt. 
Radius  of  borenole  (r„)  =  .w44  rt. 

ThicK.ness  or  Aquifer  iO)  -  14.0  t1:. 

C  =1.9 

y„  =  1.22  vt  ■=  0.S4  t  =  12  sec. 


:  i.i 

ln(R«/ r„!  =  ;  - 

.n  r/  r  w 


I 


,  i.i  l.?  ; 

I  In ( 12. 93/ . 344 i  (10.0/. 344)  ! 


»  2.71 

K  =  HYDRAULIC  CONDUCTIVITY 

rc2  In (R»/ r„j  1 

2L  t 

■  .•-33)—  _ .  / 1 .< 


K  = 


2(10.0)  12 

K  =  2.90  x  10-s  ft. /sec. 

K  =  2.51  ft. /da. 

K  =  8.35  x  10_*  cm. /sec. 


1  n  i  - i  t ) 


in  ii. 22/ . 34 


T  =  TRANSHISS I VI TY 


T  =  i K)  (D)  ( 7.4B  qpd/f t ) 

T  =  i  2.51)  (  14.0)  i?.48) 


T 


262.85  aod/ft 


SLUG  OUT  TEST 


MONITOR  WELL  NUMBER: 

MW-09  ' 

ELEVATION  TOP  OF  CASING: 

25.27  ; 

ELEVATION  WATER  (IN): 

ELEVATION  WATER  (OUT):  8.67  ! 

DEPTH  OF  WELL  (TOC): 

32.53  DIAMETER  OF  CASING:  . 167  FEET  j 

SCREEN  LENGTH  AND  INTERVAL: 

10  FEET.  20.0  TO  30.0  FEET  BELOW  GRADE  j 

SCREEN/FILTER  TYPE: 

tt  10  PARTIALLY  PENETRATING/  20/40  GRADE  SILICA  SAND  J 

AQUIFER  TYPE  AND  THICKNESS: 

CLAYEY  SILT  AND  SILTY  SAND.  19  TO  ?  FEET  BELOW  GRADE  ! 

H(O)  TRANSLATION: 

1.47  H(0)  THEORETICAL:  1.53  ! 

INITIAL  CONSISTENT  VALUE: 

7.2  TRANS.  METH.  (SLUG  OUT)  T(0):  .0233  j 

FINAL  TRANSDUCER  VALUE: 

8.67  ! 

SLUG  TEST  OUT: 


SAMPLE 

NUMBER 

TIME 

(MINUTES) 

TIME 

(SECONDS) 

T(0) 

TRANS. 

XD 

READING 

H' 

A/B  DATUM 
TRANS. 

H 

TRANS. 

H/H(0) 

TRANS. 

HA.,0) 

THEOR. 

OOO 

0 

0 

-.0233 

8.06 

.86 

.61 

.415 

.3987 

001 

.0033 

.198 

-.02 

7.41 

.21 

1.26 

.8571 

,82~5 

002 

.0067 

.402 

-.0166 

7.06 

-.14 

1.61 

1.0952 

1.0  23 

003 

.01 

.6 

-.0133 

7.39 

.19 

1.28 

.8707 

.8366 

004 

.0133 

.798 

-.01 

7.08 

-.12 

1.59 

1.0816 

1.0-792 

005 

.0167 

1.002 

-.0066 

7.19 

-.01 

1.48 

1.0068 

.96  3 

006 

.02 

1.2 

-.0<V3 

7.20 

0 

1.47 

1 

.96v3 

007 

.0233 

1.398 

0 

7.20 

0 

1.47 

1 

.9608 

008 

.0267 

1.602 

.0034 

7.22 

.02 

1.45 

.9864 

.94  7 

009 

.03 

1.8 

.0067 

7.23 

.03 

1.44 

.9796 

.94  2 

010 

.0333 

1.998 

.01 

7.25 

.05 

1.42 

.966 

.9281 

Oil 

.05 

3 

.0267 

7.30 

.1 

1.37 

.932 

.89' 1 

012 

.0667 

4.002 

.0434 

7.35 

.15 

1.32 

.898 

.86  7 

013 

.0833 

4.998 

.06 

7.39 

.19 

1.28 

.8707 

.8366 

014 

.  1 

6 

.0767 

7.42 

.22 

1.25 

.8503 

.8’7 

015 

.1167 

7.002 

.0934 

7.47 

.27 

1.2 

.8163 

.78  3 

016 

.1333 

7.998 

.11 

7.50 

.3 

1.17 

.7959 

.76**  7 

017 

.15 

9 

.1267 

7.55 

.35 

1.12 

.7619 

.732 

018 

.1667 

10.002 

.1434 

7.58 

.38 

1.09 

.7415 

.71  t 

019 

.1833 

10.998 

.16 

7.62 

.42 

1.05 

.7143 

.68.3 

020 

.2 

12 

.1767 

7.65 

.45 

1.02 

.6939 

.6667 

021 

.2167 

13.002 

.1934 

7.68 

.48 

.99 

.6735 

.64"; 

022 

.2333 

13.998 

.21 

7.71 

.51 

.96 

.6531 

.62  ) 

023 

.25 

15 

.2267 

7.74 

.54 

.93 

.6327 

.6078 

024 

.2667 

16.002 

.2434 

7.76 

.56 

.91 

.619 

.59' 8 

025 

.2833 

16.998 

.26 

7.79 

.59 

.88 

.5986 

.57  2 

026 

.3 

18 

.2767 

7.82 

.62 

.85 

.5782 

.55o6 

027 

.3167 

19.002 

.2934 

7.84 

.64 

.83 

.5646 

.5425 

028 

.3333 

19.998 

.31 

7.87 

.67 

.8 

.5442 

.52  ) 

029 

.4167 

25.002 

.3934 

7.97 

.77 

.7 

.4762 

.  45 .  o 

030 

.5 

30 

.4767 

8.06 

.86 

.61 

.415 

.3987 

031 

.5833 

34.998 

.56 

8.14 

.94 

.53 

.3605 

.34i  i 

032 

.6667 

40.002 

.6434 

8.22 

1.02 

.45 

.3061 

.29< 

033 

.75 

45 

.7267 

8.27 

1.07 

.4 

.2721 

.2614 

034 

.8333 

49.998 

.81 

8.32 

1.12 

.35 

.2381 

.2288 

035 

.9167 

55.002 

.8934 

8.36 

1.16 

.31 

.2109 

.20:  ; 

036 

1 

60 

.9767 

8.41 

1.21 

.26 

.1769 

.1699 

037 

1.0833 

64.998 

1.06 

8.44 

1.24 

.23 

.1565 

.1503 

038 

1.1667 

70.002 

1.1434 

8.46 

1.26 

.21 

.1429 

.13’  t 

039 

1.25 

75 

1.2267 

8.49 

1.29 

.18 

.1224 

.  11’.  j 

040 

1.3333 

79.998 

1.31 

8.51 

1.31 

.16 

.1088 

.1046 

041 

1.4167 

85.002 

1.3934 

8.52 

1.32 

.15 

.102 

.05  ■ 

042 

1.5 

90 

1.4767 

8.54 

1.34 

.13 

.0884 

.Of 

043 

1.583 

94.98 

1.5597 

8.55 

1.35 

.12 

.0816 

.0784 

044 

1.6667 

100.002 

1.6434 

8.57 

1.37 

.1 

.068 

.065* 

i 


SLUG  TEST  CUT: 


SAMPLE 

NUMBER 

TIME 

MINUTES) 

TIME 

(SECONDS) 

T(0) 

TRANS. 

XD 

READING 

H' 

A/B  DATUM 
TRANS. 

H 

TRANS. 

H/H( 0 ' 
TRANS. 

H/H( 0  i 
THEOR. 

045 

1.75 

105 

1.7267 

8.59 

1.39 

.08 

.0544 

.0523 

046 

1.833 

109.98 

1.8097 

8.59 

1.39 

.08 

.0544 

.0523 

047 

1.9167 

115.002 

1.8934 

8.60 

1.4 

.07 

.0476 

.0458 

048 

O 

L* 

120 

1.9767 

8.60 

1.4 

.07 

.0476 

.0458 

049 

2.5 

150 

2.4767 

8.63 

1.43 

.04 

.0272 

.0261 

050 

3 

180 

2.9767 

3.65 

1.45 

.02 

.0136 

.0131 

051 

3.5 

210 

3.4767 

8.65 

1.45 

.02 

.0136 

.0131 

052 

4 

240 

3.9767 

8.67 

1.47 

2.2204e-16 

0 

0 

053 

4.5 

270 

4.4767 

8.67 

1.47 

2.2204e-16 

0 

0 

054 

5 

300 

4.9767 

8.67 

1.47 

2.2204e-16 

0 

0 

055 

5.5 

330 

5.4767 

8.67 

1.47 

2.2204e-16 

0 

0 

056 

6 

360 

5.9767 

8.67 

1.47 

2.2204e-l6 

0 

0 

057 

6.5 

390 

6.4767 

3.67 

1.47 

2.2204e-l6 

0 

0 

058 

7 

420 

6.9767 

8.67 

1.47 

2.2204e-l5 

0 

0 

059 

7.5 

450 

7.4767 

8.67 

1.47 

2.2204e-lS 

0 

0 

060 

8 

480 

7.9767 

8.67 

1.47 

2.2204e-lo 

0 

0 

061 

8.5 

510 

8.4767 

8.67 

1.47 

2.2204e-16 

0 

0 

062 

9 

540 

8.9767 

8.67 

1.47 

2.2204e-16 

0 

0 

063 

9.5 

570 

9.4767 

8.67 

1.47 

2.2204e-16 

0 

0 

064 

10 

600 

9.9767 

8.67 

1.47 

0 

0 

0 

065 

12 

720 

11.9767 

0 

0 

0 

0 

066 

14 

840 

13.9767 

0 

0 

0 

0 

067 

16 

960 

15.9767 

0 

0 

0 

0 

068 

18 

1080 

17.9767 

0 

0 

0 

0 

069 

20 

1200 

19 . 9767 

0 

0 

0 

0 

070 

22 

1320 

21.9767 

0 

0 

0 

0 

071 

24 

1440 

23.9767 

0 

0 

0 

o 

072 

26 

1560 

25.9767 

0 

n 

0 

0 

073 

28 

1680 

27.9767 

0 

0 

0 

o 

074 

30 

1800 

29 . 9767 

0 

0 

0 

0 

075 

32 

1920 

31.9767 

o 

0 

o 

0 

076 

34 

2040 

33.9767 

0 

0 

o 

0 

077 

36 

2160 

35.9767 

o 

0 

0 

0 

078 

38 

2280 

37.9767 

0 

0 

0 

0 

079 

40 

2400 

39.9767 

0 

0 

0 

0 

080 

42 

2520 

41.9767 

0 

0 

0 

0 

081 

44 

2640 

43.9767 

0 

0 

0 

0 

082 

46 

2760 

45.9767 

0 

0 

0 

0 

083 

48 

2880 

47.9767 

0 

0 

0 

0 

084 

50 

3000 

49.9767 

0 

0 

0 

0 

085 

52 

3120 

51.9767 

0 

0 

0 

0 

086 

54 

3240 

53.9767 

0 

0 

0 

0 

087 

56 

3360 

55.9767 

0 

0 

0 

0 

088 

58 

3480 

57.9767 

0 

0 

0 

0 

089 

60 

3600 

59.9767 

0 

0 

0 

0 

0 

V 


:  l.  u  u  ~ 

well  no.  i'iU-tj; 


-jsir-z  w'iameter  =  :  -  .  ,07  n. 

Casino  radius  Uri  =  .033  ft. 

■..enacn  or  screen  <lj  =  -v.O  ft, 

He i ant  ;.r  water  tram  oa.se  jt  screen  tir 
fiadi-is  of  borehole  <•„!  -  .34.1  ,-t. 

'hicr.ness  of  Aquifer  i  Ji  -  o 
c  - 
?'o  =  1.15  v  t  —  o  9f<  =  { 


-  t  if  .  V  .!  ft. 


In  i  L  ,  7  .-/  .  jih)  i 0 .  w-  .314)  [ 


K  =  HYDRAULIC  CONDUCTIVITY 


?  r.  *■  !.  1 1  •  iv 


~~  X  111  «  1  .  *1  ;•/ 


.05  t  i0  9  t./ -ec. 


t  t  •  /  U  a  • 


t  »  10-a  .m./sec. 


=  TRANSMISSIVITY 


T  -  ’  K  i  i  D  <  1  .  -1 8  a  pa/ 


apo/tt  i 


T  =  i,  3.63)  i  14.0j  >7.48) 


T 


375.41  apa/ft 


r 


; LUO  IN  TEST 


MONITOR  WELL  hlUIBEK  : 

MW- 1 ■  • 

ELEVATION  l uP  UF  CASINo: 

LT.f.y 

ELEVATION  WATER  .IN): 

V  .  1  d 

l.Ev A  1"  I 

ON  uh  f  ER  1  uL1 1 ) : 

DEPTH  OF  WELL  ■ TOC ) : 

3 A .  84 

1  Af:|t  TE 

•  <Jr  CASING: 

.167  i'EET 

SCREEN  LENGTH  AND  INTERVAL: 

1 0  BEET. 

-  • :  *•“ 

v  .  fi  r  E  L  T  ; 

tLOU  l’K'ADE 

'.ZREEi  i 'V  IL  TER  •  .RE: 

■i  10  r  '•  ■ 

:  Nh  T  r  A  i  I  Hi!' 

.. /  *4!*  <  •■•!hDL  r  I .  n  imhD 

AUDI  FEE  «  f  R  E  mND  1  ^  I C  K  NE  So: 

L  H  ^  h  I  .  i.  i 

.  :  '“aU 

;  lL.i?  SmNJD  . 

.  *.»  V  -EE7  l  llu*  ur*Ai>L 

h  1  ij )  *  <<  ANbL  A  riON: 

1.06 

i  *  0  )  I  m 

'EORETIumL : 

i.  •  w*0 

INITIAL  CONSISTENT  VALUE: 

10.3 

TRAMS. 

ilETH.  .  SLUG 

I N )  T  TO)  :  .0  f. 

r  INAL  .  ••  ANbDUCER  VALUE: 

9.22 

Of. 


SLUG  TEST 

SAMPLE 

NUMBER 

IN: 

TIME 

(MINUTES) 

TIME 

( SECONDS  1 

T(0) 

TRANS. 

XD 

READING 

H' 

A/B  DATUM 
TRANS. 

H 

TRANS. 

H/H(0) 

TRANS. 

H/HfO) 

THEOR. 

000 

0 

0 

-.05 

15.44 

5.14 

-4.06 

-3.7593 

-2.6536 

001 

.0033 

.198 

-.0467 

13.34 

3.04 

-1.96 

-1.8148 

-1.281 

002 

.0067 

.402 

-.0433 

3.99 

.31 

.77 

.713 

.5033 

00  o 

.01 

.6 

-.04 

10.24 

.06 

1.02 

.9444 

.6667 

004 

.0133 

.798 

-.0367 

11.29 

.99 

.09 

.0833 

.0588 

005 

.0167 

1.002 

-.0333 

10.69 

.39 

.69 

.6389 

.451 

006 

.02 

1.2 

-.03 

10 . 73 

.43 

.65 

.6019 

.4248 

007 

.0233 

1.398 

-.0267 

10.59 

.29 

.79 

.7315 

.5163 

008 

.0267 

1.602 

-.0233 

10.56 

.26 

.82 

.7593 

.5359 

009 

.03 

1.8 

-.02 

10.30 

0 

1.08 

1 

.7059 

010 

.0333 

1.998 

-.0167 

10.46 

.16 

.92 

.8519 

.6013 

Oil 

.05 

3 

0 

10.30 

0 

1.08 

1 

.7059 

012 

.0667 

4.002 

.0167 

10.29 

.01 

1.07 

.9907 

.6993 

013 

.0833 

4.998 

.0333 

10.24 

.06 

1.02 

.9444 

.6667 

014 

.1 

6 

.05 

10.21 

.09 

.99 

.9167 

.6471 

015 

.1167 

7.002 

.0667 

10.18 

.12 

.96 

.8889 

.6275 

016 

.1333 

7.998 

.0833 

10.14 

.16 

.92 

.8519 

.6013 

017 

.15 

9 

.1 

10.11 

.19 

.89 

.8241 

.5817 

018 

.1667 

10.002 

.1167 

10.08 

.22 

.86 

.7963 

.5621 

019 

.1833 

10.998 

.1333 

10.05 

.25 

.83 

.7685 

.5425 

020 

.2 

12 

.15 

10.03 

.27 

.81 

.75 

.5294 

021 

.2167 

13.002 

.1667 

10.00 

.3 

.78 

.7222 

.5098 

022 

.2333 

13.998 

.1833 

9.99 

.31 

.77 

.713 

.5033 

023 

.25 

15 

.2 

9.95 

.35 

.73 

.6759 

.4771 

024 

.2667 

16.002 

.2167 

9.94 

.36 

.72 

.6667 

.4706 

025 

.2833 

16.998 

.2333 

9.92 

.38 

.7 

.6481 

.4575 

026 

.3 

18 

.25 

9.89 

.41 

.67 

.6204 

.4379 

027 

.3167 

19.002 

.2667 

9.87 

.43 

.65 

.6019 

.4248 

028 

.3333 

19.998 

.2833 

9.86 

.44 

.64 

.5926 

.4183 

029 

.4167 

25.002 

.3667 

9.78 

.52 

.56 

.5185 

.366 

030 

.5 

30 

.45 

9.70 

.6 

.48 

.4444 

.3137 

031 

.5833 

34.998 

.5333 

9.65 

.65 

.43 

.3981 

.281 

032 

.6667 

40.002 

.6167 

9.60 

.7 

.38 

.3519 

.2484 

033 

.75 

45 

.7 

9.56 

.74 

.34 

.3148 

.2222 

034 

.8333 

49.998 

.7833 

9.52 

.78 

.3 

.2778 

.1961 

035 

.9167 

55.002 

.8667 

9.49 

.81 

.27 

.25 

.1765 

036 

1 

60 

.95 

9.46 

.84 

.24 

.2222 

.1569 

037 

1.0833 

64.998 

1.0333 

9.45 

.85 

.23 

.213 

.1503 

038 

1.1667 

70.002 

1.1167 

9.41 

.89 

.19 

.1759 

.1242 

039 

1.25 

75 

1.2 

9.40 

.9 

.18 

.1667 

.1176 

040 

1.3333 

79.998 

1.2833 

9.38 

.92 

.16 

.1481 

.1046 

041 

1.4167 

85.002 

1.3667 

9.37 

.93 

.15 

.1389 

.098 

042 

1.5 

90 

1.45 

9.35 

.95 

.13 

.1204 

.085 

043 

1.583 

94.98 

1.533 

9.35 

.95 

.13 

.1204 

.085 

044 

1.6667 

100.002 

1.6167 

9.33 

.97 

.11 

.1019 

.0719 

SLUG  TEST  IN: 


H* 


SAMPLE 

NUMBER 

TIME 

(MINUTES') 

TIME 

( SECONDS ) 

T(0 ) 
TRANS. 

XD 

READING 

A/B  DATUM 
TRANS. 

H 

TRANS. 

H/H(0) 

TRANS. 

H/H(0) 

THEOR. 

045 

1.75 

105 

1.7 

9.32 

.98 

.1 

.0926 

.0654 

046 

1.833 

109.98 

1.783 

9.32 

.98 

.1 

.0926 

.0654 

047 

1.9167 

115.002 

1.8667 

9.32 

1 

.08 

.0741 

.0523 

048 

2 

120 

1.95 

9.30 

1.01 

.07 

.0648 

.0458 

049 

2.5 

150 

2.45 

9.29 

1.03 

.05 

.0463 

.0327 

050 

3 

180 

2.95 

9.27 

1.05 

.03 

.0278 

.0196 

051 

3.5 

210 

3.45 

9.25 

1.05 

.03 

.0278 

.0196 

052 

4 

240 

3.95 

9.25 

1.06 

.02 

.0185 

.0131 

053 

4.5 

270 

4.45 

9.24 

1.06 

.02 

.0185 

.0131 

05 1 

5 

300 

4.95 

9.24 

1.06 

.02 

.0185 

.0131 

055 

5.5 

330 

5.45 

9.?4 

1.06 

.02 

.0185 

.0131 

056 

6 

360 

5.95 

9.24 

1.08 

0 

0 

0 

057 

6.5 

390 

6.45 

9.22 

1.08 

0 

0 

0 

058 

7 

420 

6.95 

9.22 

1.03 

0 

0 

0 

059 

7.5 

450 

7.45 

9.22 

1.08 

0 

0 

0 

060 

8 

480 

7.95 

9.22 

1.08 

0 

0 

0 

061 

8.5 

510 

8.45 

9.22 

1.08 

0 

0 

0 

062 

9 

540 

8.95 

9.22 

1.08 

0 

0 

0 

063 

9.5 

570 

9.45 

9.22 

1.08 

0 

0 

0 

064 

10 

600 

9.95 

9.22 

0 

0 

0 

0 

065 

12 

720 

11.95 

0 

0 

0 

0 

066 

14 

840 

13.95 

0 

0 

0 

0 

067 

16 

960 

15.95 

0 

0 

0 

0 

063 

13 

1080 

17.95 

0 

0 

0 

0 

069 

20 

1200 

19.95 

0 

0 

0 

0 

070 

22 

1320 

21.95 

0 

0 

0 

0 

071 

24 

1440 

23.95 

0 

0 

0 

0 

072 

26 

1560 

25.95 

0 

0 

0 

0 

073 

28 

1680 

27.95 

0 

0 

0 

0 

074 

30 

1800 

29.95 

0 

0 

0 

0 

075 

32 

1920 

31.95 

J 

0 

0 

0 

076 

34 

2040 

33.95 

0 

0 

0 

0 

077 

36 

2160 

35.95 

0 

0 

0 

0 

078 

38 

2280 

37.95 

0 

0 

0 

0 

079 

40 

2400 

39.95 

0 

0 

0 

0 

080 

42 

2520 

41.95 

0 

0 

0 

0 

081 

44 

2640 

43.95 

0 

0 

0 

0 

082 

46 

2760 

45.95 

0 

0 

0 

0 

083 

48 

2880 

47.95 

0 

0 

0 

0 

084 

50 

3000 

49.95 

0 

0 

0 

0 

085 

52 

3120 

51.95 

0 

0 

0 

0 

086 

54 

3240 

53.95 

0 

0 

0 

0 

087 

56 

3360 

55.95 

0 

0 

0 

0 

r\aa 
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SLUG-  In 
Well  No.  nW-10 


casino  viameter  -  1!  in.  -  .io7  ft. 

Casing  radius  i  r  cj  =  .u63  ft. 

Lenatn  of  screen  iL)  -  10.0  rt. 

Heiant  of  water  "•rom  oase  ot  screen  ..hj  =  ft. 

Radius  of  borehole  •  rw;  =  .34m  ft. 

Thickness  of  ftauifer  (D)  =  .3.3  ft. 

£  =  1.7 

fo  =  1.10  N  -  0 . 7 4  T  =  12  St.c. 


In ( K*/ r 


T  -  <K)  ( L‘ )  (7. '18  jpd/1t> 

T  =  (  l. 69)  (  13.5)  )7.48) 


T 


371.64  opd/ft 


CIONITOR  WELL  NUMBER: 

riw-i 

ELEVATION  TOP  OF  CASING: 

.7.09 

ELEVATIGN  WATEF.  'IN): 

ELEVATION  WATER  <UUT) : 

'.18 

DEPTH  OF  WELL  iTOC): 

34.84 

DIAMETER  OF  CASING:  .167  FFET 

SCREEN  LENGTH  AND  INTERVAL : 

10  FEET. 

.‘.0  TO  30.0  FEET  KELOW 

GRADE 

SCREEN/ FILTER  ■  FE: 

x  0  mK 

i  I  m  1. 1_  i  r  ‘  Jr.  Nfc  1  RrM  1  NG  /  0 /  4  0 

< 1 R  A  D  L  C 

IL10A 

.•AND 

AQUIFER  type  AND  THICKNESS : 

lLh'i  b  i 

ILT  i-nD  SILTY  SAND.  ^0  TO 

?  ,'EET 

KELOW 

oRmDE 

H(O)  TRANSLATION: 

i  •  *4 

•nOi  THEORETICAL: 

1.53 

INITIAL  CONSISTENT  VALUE: 

•’  -» c 

/  •  /  J 

TRANS.  P1ETH.  (SLUG  OUT) 

T  ( 0 ) : 

.05 

PINAL  TRANSDUCER  VALUE: 

9.E 

SLUG  TEST  OUT: 


SAMPLE 

NUMBER 


TIME  TIME  T(O) 
("MINUTES')  (SECONDS)  TRANS. 


XD 

READING 


000 

001 

002 

003 

004 

005 

006 

007 

008 

009 

010 

Oil 

012 

013 

014 

015 

016 

017 

018 

019 

020 

021 

022 

023 

024 

025 

026 

027 

028 

029 

030 

031 

032 

033 

034 

035 

036 

037 

038 

039 

040 

041 

042 

043 

044 


0 

0 

.0033 

.198 

.0067 

.402 

.01 

.6 

.0133 

.798 

.0167 

1.002 

.02 

1.2 

.0233 

1.398 

.0267 

1.602 

.03 

1.8 

.0333 

1.998 

.05 

3 

.0667 

4.002 

.0833 

4.998 

.1 

6 

.1167 

7.002 

.1333 

7.998 

.15 

9 

.1667 

10.002 

.1833 

10.998 

.2 

12 

.2167 

13.002 

.2333 

13.998 

.25 

15  • 

.2667 

16.002 

.2833 

16.998 

.3 

18 

.3167 

19.002 

.3333 

19.998 

.4167 

25.002 

.5 

30 

.5833 

34.998 

.6667 

40.002 

.75 

45 

.8333 

49.998 

.9167 

55.002 

1 

60 

1.0833 

64.998 

1.1667 

70.002 

1.25 

75 

1.3333 

79.998 

1.4167 

85.002 

1.5 

90 

1.583 

94.98 

1.6667 

100.002 

-.05 

9.63 

-.0467 

8.55 

-.0433 

8.77 

-.04 

9.15 

-.0367 

9.09 

-.0333 

7.86 

-.03 

9.63 

-.0267 

9.09 

-.0233 

8.95 

-.02 

7.72 

-.0167 

8.72 

0 

7.75 

.0167 

7.88 

.0333 

7.93 

.05 

7.98 

.0667 

7.94 

.0833 

8.09 

.1 

8.10 

.1167 

8.15 

.1333 

8.17 

.15 

8.20 

.1667 

8.23 

.1833 

8.26 

.2  * 

■  8.31 

.216"? 

8.34 

.2333 

8.36 

.25 

8.39 

.2667 

8.40 

.2833 

8.44 

.3667 

8.56 

.45 

8.66 

.5333 

8.72 

.6167 

8.79 

.7 

8.83 

.7833 

8.88 

.8667 

8.91 

.95 

8.95 

1.0333 

8.98 

1.1167 

8.99 

1.2 

9.02 

1.2833 

9.04 

1.3667 

9.04 

1.45 

9.06 

1.533 

9.07 

1.0167 

9.09 

H* 


A/B  DATUM 
TRANS. 

H 

TRANS 

1.88 

-.43 

.8 

.65 

1.02 

.43 

1.4 

.05 

1.34 

.11 

.11 

1.34 

1.88 

-.43 

1.34 

.11 

1.2 

.25 

-.03 

1.48 

.97 

.48 

0 

1.45 

.13 

1.32 

.18 

1.27 

.23 

1.22 

.19 

1.26 

.34 

1.11 

.35 

1.1 

.4 

1.05 

.42 

1.03 

.45 

1 

.48 

.97 

.51 

.94 

.56 

.89 

.59 

.86 

.61 

.84 

.64 

.81 

.65 

.8 

.69 

.76 

.81 

.64 

.91 

.54 

.97 

.48 

1.04 

.41 

1.08 

.37 

1.13 

.32 

1, 16 

.29 

1.2 

.25 

1.23 

.22 

1.24 

.21 

1.27 

.18 

1.29 

.16 

1.29 

.16 

1.31 

.14 

1.32 

.13 

1.34 

.11 

H/H(0) 

TRANS. 

H/H(0) 
THEi  L 

-.2966 

f 

-.2  r*. 

.4483 

.42-  \ 

.2966 

.281 

.0345 

.0327 

.0759 

.07:  :> 

.9241 

.875 d 

-.2966 

-.281 

.0759 

.07.  t 

.1724 

.1651 

1.0207 

.9673 

.331 

.3117 

1 

.94'  ’ 

.9103 

.8627 

.8759 

.8301 

.8414 

.79',  ; 

.869 

.8235 

.7655 

.7255 

.7586 

.73  j 

.7241 

.686^ 

.7103 

.6732 

.6897 

.651 

.669 

-6c  1 

.6483 

.6144 

.6138 

.5837 

.5931 

.565  j 

.5793 

.549 

.5586 

.5294 

.5517 

.525  | 

.5241 

.496. 

.4414 

.4183 

.3724 

.352  j 

.331 

.313  1 

.2828 

.268 

.2552 

.2417 

.2207 

.209  j 

.2 

.1895 

.1724 

.163* 

.1517 

.143 

.1448 

.137ol 

.1241 

.1176 

.1103 

.104  j 

.1103 

.  104  J 

.0966 

.0915 

.0897 

.08  1 

.0759 

.071  i 

SLUG  TEST 

SAMPLE 

NUMBER 

OUT: 

TIME 

(MINUTES) 

TIME 

(SECONDS) 

T(0) 

TRANS. 

XD 

READING 

H' 

A/B  DATUM 
TRANS. 

H 

TRANS. 

H/H(0) 

TRANS. 

H/H(0) 

THEOR. 

045 

1.75 

105 

1.7 

9.09 

1.34 

.11 

.0759 

.0719 

046 

1.833 

109.98 

1.783 

9.10 

1.35 

.1 

.069 

.0654 

047 

1.9167 

115.002 

1.8667 

9.10 

1.35 

.1 

.069 

.0654 

048 

2 

120 

1.95 

9.12 

1.37 

.08 

.0552 

.0523 

049 

2.5 

150 

2.45 

9.15 

1.4 

.05 

.0345 

.0327 

050 

3 

180 

2.95 

9.17 

1.42 

.03 

.0207 

.0196 

051 

3.5 

210 

3.45 

9.17 

1.42 

.03 

.0207 

.0196 

052 

4 

240 

3.95 

9.18 

1.43 

.02 

.0138 

.0131 

053 

4.5 

270 

4.45 

9.18 

1.43 

.02 

.0138 

.0131 

054 

5 

300 

4.95 

9.20 

1.45 

6.6613e-16 

0 

0 

055 

5.5 

330 

5.45 

9.20 

1.45 

6.6613e-16 

0 

0 

056 

6 

360 

5.95 

9.20 

1.45 

6.6613e-16 

0 

0 

057 

6.5 

390 

6.45 

9.20 

1.45 

6.6613e-16 

0 

0 

058 

7 

420 

6.95 

9.20 

1.45 

6.6613e-16 

0 

0 

059 

7.5 

450 

7.45 

9.20 

1.45 

6.6613e-16 

0 

0 

060 

8 

480 

7.95 

9.20 

1.45 

6.6613e-16 

0 

0 

061 

8.5 

510 

8.45 

9.20 

1.45 

6.6613e-16 

0 

0 

062 

9 

540 

8.95 

9.20 

1.45 

6.6613e-16 

0 

0 

063 

9.5 

570 

9.45 

9.20 

1.45 

6.6613e-l6 

0 

0 

064 

10 

600 

9.95 

9.20 

1.45 

0 

0 

0 

065 

12 

720 

11.95 

0 

0 

0 

0 

066 

14 

840 

13.95 

0 

0 

0 

0 

067 

16 

960 

15.95 

0 

0 

0 

0 

068 

18 

1080 

17.95 

0 

0 

0 

0 

069 

20 

1200 

19.95 

0 

0 

0 

0 

070 

22 

1320 

21.95 

0 

0 

0 

0 

071 

24 

1440 

23.95 

0 

0 

0 

0 

072 

26 

1560 

25.95 

0 

0 

0 

0 

073 

28 

1680 

27.95 

0 

0 

0 

0 

074 

30 

1800 

29.95 

0 

0 

0 

0 

075 

32 

1920 

31.95 

0 

0 

0 

0 

076 

34 

2040 

33.95 

0 

0 

0 

0 

077 

36 

2160 

35.95 

0 

0 

0 

0 

078 

38 

2280 

37.95 

0 

0 

0 

0 

079 

40 

2400 

39.95 

0 

0 

0 

0 

080 

42 

2520 

41.95 

0 

0 

0 

0 

081 

44 

2640 

43.95 

0 

0 

0 

0 

082 

46 

2760 

45.95 

0 

0 

0 

0 

083 

48 

2880 

47.95 

0 

0 

0 

0 

084 

50 

3000 

49.95 

0 

0 

0 

0 

085 

52 

3120 

51.95 

0 

0 

0 

0 

086 

54 

3240 

53.95 

0 

0 

0 

0 

087 

56 

3360 

55.95 

0 

0 

0 

0 

088 

58 

3480 

57.95 

0 

0 

0 

0 

089 

60 

3800 

59.95 

0 

0 

0 

0 

0 
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LdSinO  '-c!  -  .t>a8  If. 

i  ■•noin  ot  screen  .  t_j  =  :  > . v*  1  T  . 
Heiant  or  water  mm  inse  r  screen 
Radius  ::  Dorenoie  1  <•  w ;  -  w,44 

Thickness  or  nguner  i . ■  .>  -  < 

C  -  .  y 

y  a  -  1 .  ~  3  y  »  =  d 7  t  -  -  s 


l  n  i  nm,  r  „  i  - 


in  f  1  o  .  -t  >/  .  ... -\h  i 


L  0 . v ■  . jt4 i 


=  C./4 

K  =  HYDRAULIC  CONDUCTIVITY 

r  e*1  I'UK./  •  w. 

K  -  ■  — - - - -  i  '  ■  i. ii  t  v ,*  .*t 


.  'JO  -■  *" 


K  -  .  —  «  m  >i..-Z 

ii  ID.JJ  1  ^ 

K  -  'i.lv  <  lv~9  1 1./  t«-c, 

K  -  ..68  f t . - oa . 
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I  NTRQDUCT  t  ON 


This  report  is  submitted  to  NUS  CQRPQRATI0N(C1 ient )  of 
Houston,  Texas,  by  H.  Neal  Reeves ( Consu 1 tant )  as  a  record  of 
events,  conclusions,  and  recommendations  offered  by 
Consultant  to  Client  resulting  from  the  geophysical  survey 
conducted  at  a  landfill  site  on  the  northwestern  perimeter  of 
Ellington  Field  south  of  Houston.  Texas,  between  the  dates  of 
November  8-13,  1989. 


STATEMENT  OF  WORK 

Geophysical  techniques  were  chosen  to  assist  Client  in 
obtaining  a  refined  site  as sessmen t / s i t e  characterization  of 
near  surface  conditions  prior  to  embarking  on  the  next  phase 
of  their  work  program,  which  could  include  such  items  as 
the  installation  of  monitoring  wells,  determining  groundwater 
gradient,  obtaining  soil  and  water  samples  for  analysis,  and 
to  obtain  a  more  precise  location  of  an  underground  storage 
tank  generally  located  in  the  southwest  quadrant  of  the  site. 
Results  obtained  from  the  geophysical  phase  will  be  used  by 
Client  to  avoid  drilling  hazards  and  to  assist  in  insuring 
that  all  zones,  disturbed  or  otherwise,  are  adequately 
character i zed . 

Specifically,  Consultant  was  charged  with  the  responsibility 
of  acquiring,  processing,  and  interpreting  a  combined 
Ma g ne t ome t e r / G r ad i ome te r  Survey  as  wel 1  as  to  process  and 
interpret  an  Electromagnetic  Survey  conducted  by  Client 
representative,  Mr.  David  Upthegrove,  during  the  same  period 
referenced  above.  Results  of  both  surveys,  which  are 
complementary  techniques,  will  be  integrated  with  each  other 
and  with  site  historical  data  in  order  for  very  precise  and 
specific  conclusions  and  recommendations  to  be  presented  to 
Client  by  Consultant. 


SITE  CONDITIONS  AND  ADVANCE  PREPARATION 

The  site  can  be  generally  described  as  a  rectangle  having  an 
approximate  1250  ft<E/U>  X  900  ftCN/S)  dimension.  The  area 
is  bounded  for  the  most  part  on  all  sides  by  an  8  foot  tall 
chain  link  fence  end  has  a  storage  facility  behind  an  inside 
fence  located  roughly  in  the  E  1/2  of  the  SW  Quadrant.  A 
blacktop  road  parallels  the  fenced  boundaries  on  all  but  the 
south  side  of  the  site.  Access  is  excellent,  elevation 
relief  is  negligible,  and  the  area  has  been  kept  free  of 
thick  vegetation  which  might  impede  progress  of  the  survey. 
Although  the  site  had  been  used  as  a  landfill  periodically 


over  a  period  of  years,  backfilling,  leveling,  and  the  growth 
of  grass  and  small  trees  had  removed  all  but  the  scattered 
evidence  of  its  former  use.  For  example,  pieces  of  concrete 
with  rebars  sticking  out  of  the  ground  could  ba  observed  in  a 
few  locations  across  the  site.  There  is,  however,  little 
current  expression  of  the  depth  and  aerial  extent  of  any 
materials  currently  buried  at  the  site. 

Prior  to  Consultant  becoming  directly  involved.  Client 
contracted  with  the  survey  company  of  Washburn  &  Company  to 
lay  out  a  100  ft  X  100  ft  control  survey  grid  across  the  area 
This  grid  was  marked  by  wooden  stakes  at  each  100  X  100  ft 
corner.  Line  and  Position  convention  adopted  had  the  initial 
(X,Y)  position  (000.0,000.0)  located  at  the  northeast  corner 
of  the  site.  Line  numbers  increased  to  the  west  and  Position 
numbers  increased  to  the  south.  N''S  representatives, 
including  Mr.  David  Upthegrove.  further  refined  the  survey 
grid  to  a  25  f t  X  25  ft  interval  by  chaining  between  control 
survey  stakes  and  placing  pin  flags  at  25  ft  intervals.  This 
advance  survey  was  in  the  process  of  being  completed  at  the 
time  of  my  arrival  in  the  field  on  November  8,  1989. 

As  a  result  of  preliminary  discussions  with  Client, 

Consultant  was  requested  to  secure  geophysical 
instrumentation  from  reputable  vendors  and  check  out  the 
instruments  prior  to  taking  delivery  on  them  from  the  vendor. 
Consultant  arranged  for  this  and  did  so  on  his  own  time. 

The  net  result  was  that  due  to  the  efforts  and  forethought  of 
all  involved  parties,  the  survey  proceeded  with  all  due  haste 
and  was  completed  essentially  without  delay. 

GENERAL  INTRODUCTION  TO  GEOPHYSICAL  SYSTEMS  UTILIZED 


The  geophysical  systems  deemed  appropriate  by  Client  and 
Consultant  were,  with  ample  precedent,  suited  to  achieving 
the  survey  objectives  referenced  above.  A  brief  non-rigorous 
discussion  of  both  will  now  be  presented  to  establish  the 
relationship  between  site  conditions,  survey  objectives,  and 
the  geophysical  tools  and  techniques  utilized. 

Magnetometer /Grad i one ter -The  presence  of  buried  ferrous 
materials  which  have  in  effect  become  magnets  due  to  exposure 
to  the  earth’s  magnetic  f i e 1 d ( i nduced  magnetization)  over  a 
period  of  time  will  commonly  cause  the  total  field  reading  as 
measured  by  a  magnetometer  to  be  anomalous  by  as  much  as 
several  hundred  or  even  several  thousands  of  gammas; 
depending  on  size,  volume,  orientation,  depth  of  burial, 


etc.,  of  the  buried  object.  A  magnetometer  survey  in  essence 
measures  and  maps  variations  in  the  total  field  caused  by  the 
presence  of  magnetic  materials  in  the  earth. 

The  gradiometer  is  effectively  no  more  than  two  total  field 
magnetometers  mounted  on  the  same  staff  and  whose  sensors  are 
separated  vertically  -..y  a  known  distance.  By  measuring  the 
total  field  at  the  same  location  at  two  different  heights, 
one  is  able  to  better  detect  the  presence  of  where 
sma 1 1 er ( hi gher  f requency ) me ta 1 1 i c  concentrations  begin  and 
end  and  the  rate  at  which  this  occurs  in  gammas /meter .  This 
principal  is  analagous  to  the  relationship  between  velocity 
and  acceleration  wherein  both  gradient  and  acceleration 
measure  the  rate  of  change  of  the  fundamental  unit  in 
operation.  One  might  intuitively  see  that  a  deeply  buried 
broad  (low  frequency)  geologic  feature  would  not  lend  itself 
to  the  gradiometer  approach.  It  is  peculiarly  applicable  to 
environmental,  engineering,  archaeological,  and  other  shallow 
investigations. 


El ectroaagnet les-E lectromaenetic  instruments  such  as  the  one 
used  in  this  survey  are  designed  to  measure  variations  in  the 
conductivity  of  the  subsurface  volume  sampled  by  the  signal 
being  transmitted  and  recorded.  Conductivity  variations 
within  the  earth  are  caused  by  factors  including  changes  in 
porosity,  permeability,  moisture  content,  salinity,  acidity, 
and  presence  of  co l 1 o i d s / 1 eacha te  in  solution.  This 
application  is  particularly  useful  in  going  from 
nat i ve ( und i s tur bed ) so i  1  conditions  outside  a  landfill  area  to 
the  landfill  itself;  although  internal  as  well  as  boundary 
changes  are  quite  often  hydrogeo  1 og i ca 1  1  y  significant. 
Additionally,  the  E 1 ec t romagnet i c ( EM )  method  as  utilized  in 
this  survey  will  detect  ferromagnetic  materials  with  good 
resolution  to  a  generally  adequate  depth  in  the  mode  used  for 
conductivity  contrast  mapping. 

From  the  above  discussion  it  should  be  obvious,  when 
considering  survey  objectives,  that  the  two  systems  employed 
do  complement  each  other,  overlap  in  some  features,  and  are, 
when  properly  applied,  applicable  to  surveys  such  as  the  one 
under  discussion. 


ACQUISITION  PHASE  DISCUSSION 
Hagnetoaeter/Gradioaeter  Survey 

The  instrument  used  was  an  EDA  OMN 1  -  I V  PLUS  Magnetometer/ 
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Gradiometer  which  measures  and  records  in  protected  memory 
the  total  magnetic  field(top  sensor)  in  gammas  and  the 
magnetic  gradient  of  the  total  fieldctop  sensor  reading  less 
bottom  sensor  reading  divided  by  the  distance  between  the 
two)  in  gammas  per  meter. 

At  the  start  of  each  recording  day,  the  recording  system 
would  be  powered  up,  put  through  a  series  of  internal  self¬ 
checking  tests,  programmed  for  initial  lines  to  be  surveyed, 
and  put  into  the  magne tome te r / grad i ome ter  recording  mode  for 
the  days  operations. 

Additional  to  recording  the  values  at  each  (Line, Position) 
location,  a  base  station  reading  was  taken  at  the  start  of 
each  survey  day  which  revealed  an  average  regional  total 
field  value  of  49,920  gammas  for  the  survey  area.  This 
observed  value  tied  very  well  with  published  value  expected 
at  the  geographic  coordinates  and  magnetic  latitude  of  the 
survey  site.  Also,  a  magnetic  datum  value  of  50,000  gammas 
was  programmed  into  the  system  memory  for  the  entire  survey. 
Magnetic  values  for  the  total  field  recorded  are  thus  net  of 
datum.  Such  a  practice  is  standard  in  order  to  avoid  working 
with  large  numbers  in  the  processing  and  interpretive  stage. 

At  the  end  of  each  day  the  microprocessor  controlled 
recording  section  of  the  instrument  was  linked  to  a 
microcomputer  via  RS-232  interface  and  the  data  were 
downloaded  onto  a  floppy  disk.  Data  were  printed  out  and 
studied  as  a  further  refinement  to  the  same  values  observed 
being  recorded  during  the  course  of  the  day.  Additional  to 
this,  system  batteries  were  put  on  charge  overnight  at  the 
end  of  each  day. 

A  study  of  the  data  acquired  during  the  previous  day  allowed 
the  planning  of  additional  detail  data  point  locations  in 
areas  exhibiting  rapid  lateral  magnetic  response  changes. 

The  instrument  performance  was  trouble  free.  No  magnetic 
storms  were  experienced  during  the  course  of  the  survey. 
Statistical  Information  provided  later  in  this  report  will 
give  greater  information  as  to  total  points  acquired, 
production  rate,  etc. 

Electromagnetic  Survey 

The  instrument  used  was  a  Geonics  Limited  EM-31  DL  Electro¬ 
magnetic  Recording  System  which  is  used  in  a  continuous 
profiling  manner  to  record  the  quadrature-phase  component  of 
the  induced  magnetic  field;  which  is  linearly  related  to  the 
ground  conductivity  in  native  so  i  1 s ( und i s tur bed  zones)  and 
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will  detect  and  be  influenced  by  the  presence  of  buried 
metallic  objects  in  fill  ar eas ( d i s turbed  zones).  The 
quantity  measured  is  in  millimhos  per  meter,  which  is  the 
reciprocal  of  resistivity.  Depth  of  detection  of 
conductivity  through  native  soils  in  the  vertical  coil 
configuration  utilized  is  nominally  down  to  6  meters  in 
depth.  Detection  depth  of  buried  metallic  objects  is 
nominally  in  the  range  of  2-3  meters. 

At  the  start  of  each  recording  day  the  instrument  was  checked 
for  battery  level  and  for  zero  reading  at  the  least  sensitive 
setting  to  insure  the  system  was  in  ca 1 ibr iatlon.  These 
checks  were  repeated  during  the  course  of  the  day  on  a 
periodic  basis.  NUS  representative,  Mr.  David  Upthegrove, 
operated  the  EM-31  throughout  the  survey. 

The  survey  progressed  routinely  in  a  nor th- to-south  direction 
with  frequent  right  angle  orientations  recorded  to  determine 
if  lateral  changes  were  occuring.  Readings  were  recorded 
manually  in  a  log  book.  Readings  were  taken  at  every  25  ft 
interval  in  all  cases  and  more  frequently  where  subsurface 
influences  were  causing  the  readings  to  change  rapidly. 

Operating  mode  allowed  the  continuous  recording  of  anomalous 
zones  during  one  pass  as  compared  to  the  Magnetometer  survey 
which  required  obtaining  needed  detail  on  subsequent  days. 

The  system  performed  in  a  trouble-free  manner  throughout  the 
survey.  As  referenced  above,  production  statistics  will  be 
provided  in  greater  detail  later  in  this  report. 


DATA  PROCESSING  DISCUSSION 

In  geophysical  surveys,  as  in  most  scientific  endeavors, 
there  is  a  direct  connection  between  acquisition,  processing, 
and  interpretation.  The  process  is  an  iterative  one  which 
requires  editing  values  that  are  anomalous  not  because  of 
subsurface  conditions  but  by  cultural  interferences  such  as 
powerlines,  metal  fences,  automobiles,  buried  utilities,  etc. 
In  this  regard  a  short  discussion  of  cultural  influences  will 
precede  any  discussion  of  data  processing  and  interpretation. 

Cultural  Influences 

During  the  course  of  the  survey  it  was  observed  that  any 
aagnetoaeter  readings  closer  to  metal  fences  than  25  ft 
resulted  in  anomalously  high  readings.  In  the  case  of  the 
Electromagnetic  system,  anomalously  high  readings  were 
recorded  inside  35  ft  for  coil  orientation  perpendicular  to 


the  fence  and  25  feet  for  coil  orientation  parallel  to  the 
fence.  In  both  cases  the  recorded  values  within  this  negative 
cultural  influence  zone  were  edited  out  during  the  data 
processing  stage  in  order  for  subsurface  conditions  to  be 
characterized  without  including  extraneous  influences.  The 
saae  is  true  of  well  narked  underground  utilities  encountered 
on  the  east  side  of  the  storage  facility  located  in  the 
southwest  quadrant  of  the  survey  area. 


Data  Processing  Procedures 

Input  data  consisted  primarily  of  data  sets  for  the 
f  o 1  lowing: 

Set  1 -Electromagnetic  recording(Z)  for  each  surveyed 
Line  and  Position  NumbertX.Y). 

Set  2-Total  Field  Magnetometer  recording(Z)  for  each 
surveyed  Line  and  Position  Number(X.Y). 

Set  3-Magnetic  Gradient  of  Total  Field  Magnetometer 
recording(Z)  for  each  surveyed  Line  and  Position 
Number ( X, Y ) . 

Data  processing  was  performed  on  a  microcomputer  utilizing  a 
software  package  which  takes  data  sets  containing  (X,Y,Z> 
information,  creates  a  grid  file,  and  outputs  the  data  in 
either  two(2)  or  three(3)  dimensions.  Two  dimensional  data 
are  displayed  as  topographic  contour  maps,  or  simply  as  map 
values  posted  to  the  appropriate  (X,Y)  location,  or  in  two 
d  i  mens i ona 1 ( X , Z )  crossection  form.  Three  dimensional  data 
were  displayed  with  surface  relief  projected  orthogonally  and 
options  utilized  to  rotate  the  3-D  displays  at  specified 
angles  of  rotation  around  the  Z-Axis  and  tilt. 

For  all  three  data  sets  mentioned  above,  Consultant  generated 
a  topographic  map(2-D)  and  four  orthogonal  projections  which 
displayed  the  data  in  3-D  image  at  45  degree  angles  to  each 
corner  of  the  survey  grid.  Additional  to  this,  numerous 
other  displays  were  computer  generated  which  were  of 
assistance  in  interpreting  and  reporting  results  of  the 
survey.  In  all  there  were  35  displays  generated  during  the 
data  processing/interpretation  phases  of  this  project.  Each 
one  of  the  displays  generated  are  aade  a  part  of  this  report 
and  will  be  discussed  individually,  where  appropriate,  in  the 
interpretation  section  of  this  report. 

As  mentioned  earlier,  interpretation  is  an  iterative  process 
which  requires  inspection  of  selected  map  values  which  may  be 


anomalous  not  because  of  subsurface  conditions  but  rather  as 
a  result  of  cultural  interference.  Many  of  the  final  maps 
included  in  this  report  are  a  result  of  at  least  two 
processing/interpret ive  iterations.  This  process  will  be 
understood  as  not  unusual  to  those  familiar  with  interpreting 
data  sets  of  virtually  any  type. 


DISCUSSION  OF  INTERPRETATION 


Establishing  Patterns  in  an  Integrated  Interpretation 

During  the  course  of  this  survey  and  subsequent  data 
processing  phase,  a  determination  was  made  interactively  as 
to  which  data  points  were  of  value  in  the  interpretation  of 
the  Total  Field,  Gradient,  and  Electromagnetic  Data  Sets.  As 
mentioned  previously,  data  points  were  edited  out  only  if  the 
values  were  anomalous  due  to  known  cultural  interference 
sources.  Hidden  cultural  sources  may  still  exist  but 
Consultant  made  no  assumptions  in  this  matter  in  order  to 
maintain  the  integrity  of  the  data. 

As  a  matter  of  record,  the  following  data  points  were 
retained  included  in  the  final  interpretation: 


»E  1  ec t  r  omagne  t  i  c  (  EM ) .  1537  Points 

•  Total  Field  Magnetic .  1998  Points* 

•  Gradient  of  Total  Field .  1998  Points* 


•Magnetic  Data  Includes  Additional 
Detailing  Points 

Following  the  completion  of  the  acquisition  phase,  Consultant 
was  provided  the  use  of  site  historical  data  including: 

•Aerial  Photograph  of  Site  Dated  1965 
•Aerial  Photograph  of  Site  Dated  1969 
•Aerial  Photograph  of  Site  Dated  1975 
•Drawing  Entitled  "Former  Base  Landfill 

Test  Pit/Boring  Location  Ellington 
ANG" 

Consultant  utilized  all  available  information  acquired  during 
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the  course  of  this  survey  up  to  the  interpretation  phase  to 
establish  certain  patterns  which  may  be  significant  to  the 
interpretation  of  the  data. 

During  the  course  of  discussing  the  interpretation  of  the 
data  the  term  "anomaly"  will  be  used  on  a  recurring  basis. 

In  the  interest  of  being  understood,  Consultant  will  now 
offer  a  general  definition  and  a  discussion  of  this  recurring 
term . 

Anomaly-This  tern  will  geneally  mean  any  measurement  which 
does  not  conform  to  the  normal  or  expected.  In  the  case  of 
the  Total  Magnetic  Field  values  being  discussed,  any  value  or 
set  of  values  which  varies  materially  from  the  regional 
magnetic  field,  has  a  positive/negative  swing  in  observed 
values  across  the  zone,  and  can  be  contoured  with  closure 
will  be  considered  anomalous. 

In  the  case  of  the  Gradient  to  the  Magnetic  Field,  any  value 
or  set  of  values  that  vary  much  beyond  the  low  tens  in  value, 
exhibit  a  positive/negative  swing  in  observed  values  across 
the  zone,  and  can  be  contoured  with  closure  will  be 
considered  anomalous. 

In  the  case  of  the  Electromagnetic  Conductivity  reading,  any 
value  that  varies  upward  or  downward  from  the  expected 
reading  in  und i s turbed ( na t i ve  soils)  zones,  considering  soil 
types,  moisture  content,  etc.  will  be  considered  anomalous. 

In  zones  where  the  quadrature  phase  signal  is  being 
influenced  by  the  presence  of  ferromagnetic  materials  buried 
in  the  near  surface,  which  results  in  anomalously  high 
readings,  closure  around  this  zone,  and  good  correlation  to 
the  general  patterns  obtained  by  the  magnetometer  survey, 
such  an  EM  conductivity  situation  will  be  considered 
anoma 1 ous . 

During  the  course  of  the  processing  and  preliminary 
interpretation,  it  was  observed  that  anomalous  conditions 
observed  on  the  Total  Field  Map  were  consistently  observed, 
as  expected  in  a  landfill  situation,  on  the  Gradient  map. 

It  was  also  observed  that  in  zones  exhibiting  anomalously 
high  Total  and  Gradient  values,  the  Electromagnetic  survey 
exhibited  high  values  of  conductivity  more  often  than  not. 
Historical  information  provided  to  Consultant  and  referenced 
above  provides  additional  insight  into  the  interpretation  of 
the  geophysical  data;  not  an  unexpected  development. 

In  any  event.  Consultant  will  now  develop  a  data  set  which 
will  hopefully  reveal  patterns  helpful  to  the  understanding 
of  the  geophysical  data  and  site  characterization. 
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TABLE  OF 

ANOMALOUS 

ZONES 

ZONE 

CENTER 

TOTAL  FIELD 

RANGE 

CONDUCTIVITY 

RANGE 

»  1 

(  125.  150) 

iP-100 

-388 

P-150 

430 

P  -175  ) 
-333 

P-100 

72 

P-125 

48 

*  2 

(  150,825 ) 

(P-800 

-257 

P-825 

154 

P-850) 

-101 

P-800 

89 

P-825 

78 

#  3 

(175,275) 

(P-225 

-627 

P-275 

787 

P-375) 

-397 

P-225 

50 

P-250 

48 

#  4 

(225,350) 

(P-325 

-1287 

P-350 

836 

P-425 ) 
-26 

P-325 

62 

P-360 

0 

#  5 

(275,500) 

(P-475 

-282 

P-500 

177 

P-525) 

73 

P-475 

49 

P-500 

48 

#  6 

(300, 200) 

(P-180 

-2158 

P-200 

1683 

P-260) 

-35 

P-175 

82 

P-195 

12 

#  7 

(425,425) 

(P-400 

-1441 

P-425 

909 

P-475) 

32 

P-400 

48 

P-410 

18 

#  8 

(475,275) 

(P-250 

-426 

P-275 

731 

P-300) 

-418 

P-250 

88 

P-275 

96 

#  9 

(500, 390) 

(P-330 

-1269 

P-390 

1774 

P-500) 

-25 

P-370 

290 

P-400 

115 

#  10 

(500, 750) 

(P-700 
-  1532 

P-750 

331 

P-775) 

3 

P-725 

80 

P-750 

68 

*  1  1 

(525, 100) 

(P-50 

-898 

P-100 

-358 

P-175) 

-252 

P-65 

120 

P-75 

85 

i  10  > 


ft  12 

(575.300) 

(P-275 

-1252 

P-300 

547 

P-325 ) 

-440 

P-275 

110 

P-300 

92 

ft  13 

(575,375) 

(P-350 

-589 

P-375 

1073 

P-450) 

-120 

P-350 

120 

P-375 

200 

ft  14 

(625. 125) 

(P-75 

-753 

P-125 

636 

P-175) 

-277 

P-100 

100 

P-125 

84 

ft  15 

(625.275 ) 

(P-275 

-710 

P-325 

548 

P-350) 

-275 

P-275 

95 

P-300 

82 

ft  16 

(675. 250) 

(P-200 

-368 

P-250 

828 

P-275) 

-343 

P-225 

110 

P-250 

110 

ft  17 

(675. 350) 

>  P-300 
-536 

P-350 

597 

P-400 ) 

-6 

P-305 

100 

P-325 

92 

ft  18 

(725,75) 

(P-50 

-643 

P-75 

314 

P-125) 

-285 

P-60 

120 

P-75 

70 

ft  19 

(750, 200) 

(P-175 

-443 

P-200 

102 

P-210) 

-18 

P-175 

120 

P-200 

125 

ft  20 

(750. 350) 

(P-320 

-281 

P-350 

1414 

P-390) 

33 

P-325 

1 15 

P-350 

87 

ft  21 

(775,350) 

(P-325 

-525 

P-350 

806 

P-425 ) 

78 

P-325 

120 

P-350 

105 

#  22 

(800, 400) 

(P-370 

-251 

P-400 

1387 

P-420) 

227 

P-375 

105 

P-400 

100 

ft  23 

(825.500) 

(P-375 

-551 

P-400 

1166 

P-500) 

-1105 

P-375 

1 15 

P-400 

105 

ft  24 

(850, 300) 

(P-250 

-985 

P-300 

295 

P-310) 

-388 

P-275 

100 

P-300 

88 

»  25 

(900. 175) 

(P-125 

-574 

P-175 

99 

P-200) 

-229 

P-125 

85 

P-150 

46 

ft  26 

(900.390) 

(P-360 

-1604 

P-390 

1  846 

P-420) 

13 

P-375 

115 

P-390 

60 
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TABLE  OF  ANOMALOUS  ZONES (CONTINUED) 


ZONE 

CENTER 

TOTAL  FIELD 

RANGE 

CONDUCTIVITY 

RANGE 

*  27 

(900. 550) 

(P-525 

-735 

P-550 

627 

P-625) 

-346 

P-525 

80 

P-550 

40 

#  28 

(  1000, 500) 

(P-475 

-607 

P-500 

608 

P-575) 

-140 

P-475 

74 

P-500 

90 

tt  29 

(925.550) 

(P-525 

-657 

P-550 

492 

P-600) 

-137 

P-525 

92 

P-550 

110 

tt  30 

( 1050. 250) 

(P-225 

-600 

P-250 

405 

P-300) 

-434 

P-225 

90 

P-250 

82 

#  31 

(  1075.610) 

i.  P  -580 
-2271 

P  -6  1  0 

1834 

P -640 ) 

-46 

P-575 

42 

P-600 

20 

tt  32 

( 1075,830) 

(P-800 

-1069 

P-830 

472 

P-850) 

-110 

P-800 

27 

P-805 

140 

tt  33 

(1125, 175) 

(P-150 

-927 

P-175 

518 

P-225) 

-30 

P-150 

80 

P-175 

67 

»  34 

(1125, 300) 

(P-275 

-811 

P-300 

668 

P-350) 

-250 

P-275 

84 

P-300 

90 

tt  35 

( 1150,450) 

(P-425 

-623 

P-450 

1125 

P-500) 

-29 

P-435 

46 

P-450 

105 

tt  36 

( 1175,600) 

(P-550 

-310 

P-575 

410 

P-625 ) 

-332 

P-550 

62 

P-575 

58 

The  definition  of  "anomalous"  should  be  kept  in  mind  when 
looking  at  the  zones  listed  above. 


Factoring  In  Site  Historical  Data 

Aerial  photographs  and  plat  map  referenced  earlier  were  used 
by  Consultant  to  prepare  a  map  across  the  site  which  gives  at 
least  a  partial  picture  of  the  land  usage  which  contributed 
to  the  anomalous  conditions  observed  on  the  geophysical 
data(See  Fig.  1).  General  locations  of  trenches  have  been 
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helpful  in  confirming  the  reasonableness  of  some  of  the 
geophysical  results.  Additional  help  was  derived  from  the 
plat  referenced  earlier  in  having  a  record  which  gives  a 
ballpark  location  of  the  underground  storage  tank  which 
requires  locating  more  precisely  as  well  as  old  site 
facilities,  such  as  the  location  of  incenerator,  buildings, 
tracks,  etc.  which  are  no  longer  in  evidence. 

One  should  always  be  careful  in  forming  strong  conclusions 
based  on  incomplete  information.  The  composite  historical 
picture  shown  in  Figure  1  does  not  show,  for  instance,  the 
evidence  in  the  1965  aerial  photograph  of  older  closed  out 
fill  areas  in  the  northwestern  quadrant  of  the  site.  There 
are  undoubtedly  other  gaps  in  available  historical 
information  but  the  data  provided  fits  the  overall  picture 
very  well. 


One  additional  factor  will  be  thrown  in  the  hopper  before 
returning  to  the  interpretation  and  beginning  to  state  some 
conclusions  which  may  be  drawn  from  the  geophysical  data 
bank.  While  it  will  be  observed  that  there  is  a  strong 
correlation  between  the  response  of  the  magnetometer  and  the 
electromagnetic  system  in  disturbed  zones  where  ferrous 
metals  are  at  or  near  the  surface,  the  EM  system  will  have  a 
differing  response  to  varying  soil  types  and  soil 
conditions  in  undisturbed  zones.  A  few  common  ones  typical  to 
this  area  and  present  on  this  particular  site  include: 


SOIL  TYPE 


EM  RESPONSE  RANGE 


C  l  ay 
Topso  i  1 

Unsaturated  Sand 
Moist  Sand 
Saturated  Sand 


50-100  M I  1  1 i mhos /Meter 
10 
0-1 
5-20 
50 


These  responses 
of  particulates 
conductivity  of 


will  vary  depending  primarily  on  the  nature 
in  solution  and  their  susceptibility  to  the 
electrical  and  electromagnetic  components. 


Discussion  of  Anomalous  Zones 

Magnetic  response  signatures  recorded  across  the  area  were 
classic  dipole  wherein  the  response  going  from  south  to  north 
would  go  slightly  negative  as  the  buried  object  was 
approached,  swing  dramatically  to  the  positive,  and  then 
dramatically  to  a  negat i ve ( m i n i mum )  value  before  becoming 
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regional  again.  Objects  buried  within  landfills  generally 
can  be  modeled  as  horizontal  cylinders,  spheres,  dikes,  or 
the  like  of  high  f  requencyt  short  wavelength;  duration. 
Geomagnetic  inclination  at  the  survey  site  is  approximately 
60  degrees,  which  means  the  force  field  coming  from  the 
buried  object  is  located  at  a  60  degree  angle  from  horizontal 
and  as  measured  from  the  zero  crossing  northward;  which  would 
place  the  buried  object  just  to  the  south  of  the 
(ninimunK  largest  negative  number  and  typically  the  largest 
absolute  value  number  in  the  signature  resulting  from  the 
induced  magnetic  effects  of  the  earth's  magnetic  field  on  the 
object  being  detected). 

El ectromagnet i c  response  signatures  which  are  under  the 
influence  of  the  induced  magnetic  field  of  buried 
ferromagnetic  materials  will  record  their  highest  reading  at 
or  near  a  point  immediately  above  the  object;  certainly 
within  a  10  foot  radius  ci  the  object. 

In  both  cases,  readings  off  to  the  side  of  the  object  and  in 
cases  where  insufficient  spatial  sampling  is  used,  the  field 
from  the  buried  object  may  be  ambiguous  or  be  missed 
entirely.  This  caution  applies  to  both  data  sets.  These 
considerations  should  be  kept  in  mind  when  interpreting 
results  from  these  type  surveys. 

The  anomalous  zones  tabulated  above  will  now  be  discussed  in 
greater  detail  individually.  Tabular  values  for  Total  Field 
Magnetics  are  for  Positions  where  the  signature  onset  occurs, 
where  its  maximum  positive  value  occurs,  and  where  its 
maximum  negative  value  occurs.  Tabular  values  for  the 
Electromagnetic  Survey  are  maximum  and  minimum  values 
recorded  in  the  zone  of  influence  of  the  buried  object  with 
Positions  being  noted  above  the  reading  in  each  case. 


Zone  *1-This  zone  is  interpreted  to  contain  a  small  amount  of 
ferrous  materials  which  requires  closer  sampling  to  locate 
with  pinpoint  precision.  Both  data  sets  agree  that  a  close 
approximation  of  the  location  is  between  Position  100-110. 


Zone  I2-This  zone  can  be  characterized  as  containing  a  small 
amount  of  ferrous  materials  located  between  Positions  800- 
810.  Good  agreement  is  achieved  between  both  methods. 

Closer  sampling  could  further  refine. 

Zone  13-This  zone  exhibits  good  closure  and  indicates  a 
ferrous  concentration  between  Positions  225-235.  There  is 
good  agreement  between  both  methods. 
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Zone  §4-This  is  a  very  well  defined  anomaly  on  both  data  sets 
which  indictes  the  presence  of  ferrous  materials  between 
Positions  325-335. 

Zone  tS-A  weak  but  coherent  anomaly  detected  on  both  systems. 
Could  be  resolved  better  with  finer  sampling.  Indicated 
location  of  ferrous  materials  is  between  Positions  475-485. 

Zone  #6-A  very  strong  response  contrast  on  both  systems  with 
indicated  location  of  buried  ferrous  materials  between 
Positions  180-190. 

Zone  #7-a  very  strong  response  contrast  on  both  systems  with 
indicated  location  of  buried  ferrous  materials  between 
Positions  400-405. 

Zone  #0-A  moderate  response  on  both  systems  which  indicates 
t hat  the  area  sampled  is  part  of  a  northeast  trending  nose 
off  a  larger  anomaly  to  the  southwest.  Indicated  location  of 
buried  materials  is  between  Positions  260-265. 

Zone  f9-A  very  strong  anomaly  that  is  well  defined  on  both 
systems.  Detail  obtained  on  both  systems  indicates 
concentrations  of  ferrous  materials  between  Positions  350- 
370. 

Zone  *10-This  is  an  isolated  anomaly  centered  at  P-700.  This 
anomaly  was  detected  slightly  by  the  EM  system  but  stands  out 
significantly  on  the  Magnetometer  reading.  The  signature  is 
unusual  in  that  there  is  very  little  positive  swing  but 
significant  negative  reading.  The  most  likely  explanation  is 
that  inadequate  spatial  sampling  did  not  pick  up  the  positive 
component  on  the  magnetometer  survey  and  that  the  EM 
sampling  was  inadequate  as  well.  In  any  event  the  indicated 
location  is  between  Positions  700-710. 

Zone  I l 1 - A  narrow  anomaly  which  is  detected  by  both  systems 
but  detail  obtained  on  the  EM  survey  places  the  location  of 
ferrous  materials  at  Position  65. 

Zone  #12-A  well  defined  anomaly  on  both  systems  located 
between  Positions  275-285. 

Zone  113-A  very  strong  anomaly  detected  by  both  systems  but 
which  would  benefit  from  finer  spatial  sampling  as  the 
maximum  magnetic  minimum  and  probably  the  strongest  EM 
reading  is  skipped.  Probable  location  is  between  Positions 
365 -375 . 
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Zone  #14~A  small  anomalous  feature  detected  reliably  by  both 
systems.  Location  is  between  Positions  85-95. 

Zone  #15-A  mildly  disturbed  zone  detected  by  both  systems 
with  probable  location  between  Positions  275-285. 

Zone  #16~A  mildly  developed  anomaly  detected  by  both  systems. 
Symmetric  signature  on  both  systems  indicate  the  position  not 
to  be  located  immediately  over  a  severely  disturbed  zone. 
Location  is  between  Positions  240-250. 

Zone  #17~A  well  developed  anomaly  which  is  detected  by  both 
systems  with  detail  acquired  with  the  EM  system  locating  the 
ferrous  materials  at  Position  305;  a  location  which  is 
consistent  with  the  Magnetics. 

Zone  #18-A  wel  1  developed  anomaly  detected  by  both  systems 
and  located  off  the  flank  of  a  larger  anomaly.  Location  is 
between  Positions  50-60. 

Zone  *19-A  mildly  disturbed  zone  detected  by  both  systems. 

The  zone  between  175-200  could  benefit  from  greater  detailed 
gridding.  Ferrous  materials  are  located  between  Positions 
175-185. 

Zone  120-a  well  defined  zone  that  is  located  more  precisely 
by  the  EM  system  due  to  greater  detailing.  Anomaly  is 
located  between  Positions  325-335. 

Zone  121-  A  well  developed  anomaly  detected  by  both  systems. 
Located  on  the  southeast  flank  of  a  trend  running  northwest- 
southeast.  Anomaly  location  is  between  Positions  330-340. 

Zone  #22~A  well  developed  anomaly  detected  by  both  systems 
and  following  the  same  trend  as  Zone  #21.  Anomaly  location 
is  between  Positions  375-385. 

Zone  123-a  well  developed  anomaly  which  could  benefit  from 
more  magnetic  detail  between  Position  375-400.  Detail  on  EM 
survey  places  location  of  this  ferrous  concentration  between 
Positions  380-390. 

Zone  124-a  mildly  anomalous  zone  detected  by  both  systems  and 
located  between  Positions  260-270. 

Zone  *25-a  well  defined  anomaly  on  both  systems  and  located 
between  Positions  130-140. 

Zone  126-A  very  strong  anomaly  detected  by  both  systems  and 
located  between  Positions  370-380. 
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Zone  #27-A  well  defined  anomaly  detected  by  both  systems  but 
probably  would  be  stronger  with  finer  spatial  sampling. 
Location  of  this  anomaly  is  between  Positions  530-540. 

Zone  §28-A  mild  anomaly  which  is  detected  by  both  systems  but 
which  is  not  well  defined  probably  due  to  inadequate  spatial 
sampling.  Location  of  this  deposit  is  between  Positions  490- 
500. 

Zone  §29-An  ill  defined  anomaly  due  to  inadequate  sampling 
which  is  located  between  540-550.  Another  cause  for 
ambiguity  is  that  it  is  located  on  the  northeast  flank  of  a 
major  disturbance  growing  off  to  the  southwest. 

Zone  f30~A  mild  anomaly  detected  by  both  systems  and  located 
between  Positions  230-240. 

Zone  #31-A  very  strong  anomaly  detected  by  both  systems  and 
located  between  positions  580-590. 

Zone  i32-A  well  defined  anomaly  on  both  systems  with  detailed 
measurements  on  the  EM  survey  placing  the  location  between 
Positions  805-815. 

Zone  133- A  mild  anomaly  detected  by  both  systems  and  located 
between  Positions  160-170. 

Zone  134-a  mild  anomaly  detected  by  both  systems.  Increased 
spatial  sampling  required  to  refine  but  indications  are  that 
location  is  between  Positions  290-300. 

Zone  135-A  well  defined  anomaly  by  both  systems  which  would 
benefit  from  greater  spatial  detail  but  which,  due  to  some 
detailed  information  on  th  EM  survey  indicates  a  location 
between  Positions  440-450. 

Zone  136-A  poorly  defined  anomaly  which  is  on  the  flank  on  a 
more  pronounced  expression  but  which  could  benefit  from  finer 
spatial  sampling.  Indicated  location  of  buried  target  is 
between  Positions  560-570. 

The  above  detailed  anoaalous  zones  are  in  soae  cases  isolated 
from  the  major  pit  areas  but  for  the  lost  part  are  to  be 
considered  as  part  of  a  depositions!  trend  of  ferromagnetic 
■aterials  across  the  landfill  area.  The  trends  are  obvious 
froa  plotting  the  zones  discussed  and  froa  a  review  of  the 
orthogonal  projections  of  the  three  quantities  measured. 

There  is  good  agreeaent  between  results  obtained  by  the  Total 
Field  Magnetics,  Gradient  of  the  Total  Field,  and  the 


Electromagnetic  method.  The  data  presented  above  in  zone 
form  is  deemed  suitable  for  the  selection  of  a  representative 
number  of  locations  to  collect  soil  samples,  which  is  one  of 
the  stated  objectives  of  the  survey. 

There  is  one  area  of  interest  outside  the  area  most  disturbed 
which  is  deemed  worthy  of  mention  when  considering  locations 
to  collect  soil  and  water  samples  as  well  as  for  possible 
location  of  monitoring  wells.  From  a  review  of  the  aerial 
photographs  it  appears  that  there  is  a  zone  in  the  southeast 
quadrant  where  there  were  at  one  time  tanks  or  perhaps 
natural  ponding.  The  location  of  this  zone  appears  to  be  be 
on  a  trend  between  Lines  100-400  and  between  Positions  700- 
800.  One  such  site  is  near  Zone  #2  discussed  above. 


Electromagnetic  Conductivity  Response  in  Undisturbed  Zones 

As  can  be  seen  in  the  discussion  of  the  various  Zones  above, 
much  of  the  area  has  been  disturbed  and  as  a  result  the  EM 
readings  are  influenced  by  the  presence  of  ferrous  materials 
which  have  induced  magnetic  properties.  A  cursory  glance  of 
the  topographic  and  orthogonal  projections,  particularly  the 
Gradient  of  the  Total  Field  projections,  will  graphically 
present  those  high  amplitude  disturbed  zones  which  dominate 
the  northeast,  northwest,  and  southwest  quadrants  and,  to  a 
lesser  extent  the  southeast  quadrant.  Nevertheless, 
Consultant  attempted  to  determine  if  any  significant  patterns 
could  be  observed  in  the  relatively  undisturbed  zones.  As  a 
part  of  this  investigation,  topographic  maps  of  the 
Electromagnetic  Data  were  generated  which  limited  the  signal 
being  contoured  over  a  set  of  panels.  These  displays  are 
made  a  part  or  this  report  and  are  identified  as  Figures  I-r- 
18.  These  Figures,  when  coupled  with  orthographic  displays 
of  al 1  data  sets,  which  complement  and  agree  with  each  other, 
were  used  to  investigate  those  relatively  undisturbed  areas 
to  see  if  any  useful  geological  and  hydrogeological 
information  could  be  inferred. 

ihe  only  areas  that  are  even  relatively  free  of  disturbed 
zones  are  to  be  found  in  areas  generally  to  include: 

»  Southeast  Quadrant  of  Site, 

*  East  1/2  of  Southwest  Quadrant, 

*  Central  Portion  of  South  1/2  of  Northeast  Quadrant. 

There  are  others  of  course  such  as  just  up  against  the  fences 
in  the  Northeast  corner  and  along  portions  of  the  western 
fence.  However,  for  the  purposes  of  this  discussion  the 
three  areas  referenced  above  will  be  analyzed. 
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Only  one  zone  was  observed  in  the  area  of  investigation  which 
had  concentrated  areas  where  Electromagnetic  readings  between 
0-20  mmohs/meter  and  that  was  in  and  around  Line  450, 

Position  400(See  Fig.  14).  This  reading  range  would  be 
typical  of  moist  to  saturated  sand. 

Opening  the  window  to  include  readings  between  0-50  mmhos/m, 
revealed  that  a  triangular  wedge  with  corners  at  (L-125, 
P-150)  southwes tward  to  ( L -575 , P -600 )  eastward  to  iL-200, 
P-575)  and  back  to  the  starting  point  to  the  northeast  had 
significant  power  in  the  20-50  mmohs/m  range.  This  range 
would  infer  a  reasonable  concentration  of  saturated  sand  or 
very  sandy  clay  to  be  present (See  Fig.  15). 

Opening  the  window  further  revealed  that  the  values  in  the 
50-70  mmohs/m  are  increasing  to  the  south  and  southeastCSee 
Fig.  16). 

The  window  from  70+  mmohs/meter  upward  reveals  that  there  is 
a  gentle  trend  with  some  areas  of  closure  in  the  southeast 
quadrant  and  eastern  1/2  of  the  southwest  quadrant  where  this 
higher  reading  begins  to  express  itself.  This  reading  would 
be  typical  of  soils  which  are  predominantly  claysCSee  Fig. 

17)  . 

The  window  including  90+  mmohs/m  reveals  that  no  coherent 
contours  are  present  in  the  relatively  undisturbed  areas 
under  cons  i  de r a t i on l See  Fig.  18). 

Thus  one  could  conclude  that  this  area  consists  of  saturated 
sands  and  sandy  clays  to  the  north  grading  to  the  south  and 
southwest  to  primarily  clays. 

The  area  to  the  south  where  clays  dominate  do  not  exhibit  any 
significant  closure  which  might  indicate  a  significant  change 
in  the  hydrogeological  environment  which  could  in  turn 
indicate  an  increase  in  conductive  materials  in  the 
groundwater . 

This  analysis  does  not  speak  to  organics  which  are,  except 
where  in  very  heavy  concentration,  difficult  to  detect.  In 
any  event,  the  readers  are  invited  to  form  their  own 
conclusion  on  matters  discussed  in  this  section. 


Underground  Storage  Tank(UST)  Location 

Historical  information  provided  at  the  end  of  the  field  phase 
plus  discussions  with  NUS  representative  David  Upthegrove 
indicates  that  the  approximate  location  of  this  tank  to  be  on 
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the  west  side  of  the  north-south  road  running  along  the  west 
side  of  the  landfill  area.  Specifically,  the  tank  is 
reported  to  be  west  of  the  old  cul-de-sac  which  circled  the 
incenerator  which  has  long  since  been  torn  down.  This  would 
place  the  tank  at  an  approximate  location  of  L-1125,  P-600. 
The  area  is  in  a  very  disturbed  zone,  both  culturally  and 
subsurface  wise.  Culturally  from  the  fence  just  to  the  west 
of  the  road  and  subsurface  wise  due  to  the  amount  of  remnants 
from  past  facilities.  Without  some  historical  information  it 
would  be  easy  to  get  lost  in  this  exercise  of  trying  to  find 
one  particular  bolt  in  a  bucket  of  bolts.  For  instance,  the 
Total  Field  Signature  derived  at  L-1075,  P-600  is  a  classic 
response  of  what  one  might  expect  to  see  when  crossing  an 
underground  storage  tankiSee  Fig.  28). 

In  order  to  investigate  the  most  probable  site,  several 
detailed  displays  were  generated  at  the  site.  Specifically, 
topographic  and  orthogonal  projections  were  generated  for  the 
Total  Fieid,  Gradient  of  Total  Field,  and  El ec t r omagne t i c 
survey  dataiSee  Figures  29-36). 

Total  Field  detailed  topographic  display  revealed  a  maximum 
area  centered  at  ( L-l 175. P-585 )  with  minimum  components  to 
the  east;  with  the  strongest  minimum  being  to  the  east  at 
approximately  ( L- 1 125 , P-600 ) . 

Gradient  of  Total  Field  detailed  topographic  display  revealed 
a  gradient  positive  peak  at  ( L- 1 200, P -575 )  and  a  gradient 
negat i ve ( m i n i num  )  trough  at  ( L- 1 1 75 , P -600 ) . 

Electromagnetic  detailed  topographic  display  revealed  a  high 
closed  area  at  ( L- 1200 , P600 )  and  a  northwest-southeast  saddle 
with  a  maximum  reading  of  75  mmohs/m  centered  a; 
approximately  C L- 1 1 50 , P -600 ) .  A  close  analysis  of  this  data 
led  to  the  personal  conclusion  that  the  closure  at  L-1200, 
P-600  is  due  to  cultural  interference  from  the  nearby  cyclone 
fence . 

Overall,  readings  from  the  two  systems  are  not  nearly  as  high 
as  one  might  expect  from  crossing  an  underground  storage 
tank.  Assuming  the  tank  is  in  the  proximity  suggested  by 
historical  data,  one  can  only  conclude  that  adequate  spatial 
sampling  was  not  used  in  either  survey  to  obtain  the  high 
amplitude  signature  characteristic  of  this  type  feature. 

Again,  Figure  28  would  be  typical.  A  study  of  this  figure 
will  reveal  that  in  the  course  of  30  feet  the  signature  went 
from  maximum  positive  to  maximum  negative  value. 

Based  on  what  we  have  and  not  what  we  might  like  to  have,  the 
Total  Field  and  Gradient  of  the  Total  Field  would  indicate  a 
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tank  location  of  l L- 1 1 35 , P -585 ) .  The  approximate  location 
based  on  Electromagnetic  data  is  not  at  all  clear  to  me. 

It  may  be  that  the  depth  of  burial  or  insufficient  sampling 
or  the  presence  of  sand  backfilling  around  and  over  the  tank 
or  some  combination  of  the  above  creates  this  inconclusive 
ev i dence . 

For  a  location  on  the  west  side  of  the  road.  Consultant  would 
have  to  recommend  the  above  location  as  a  good  place  to 
probe - Line  1135,  Position  585. 


Initial  Monitoring  Well  Locations 

Based  on  discussions  with  Client  representative,  Consultant 
is  under  the  impression  that  an  initial  well  program  to 
obtain  water  samples  for  analysis  and  to  determine  gradient 
will  consist  of  a  four  well  program,  with  one  well  being 
placed  on  each  side  of  the  site. 

Potential  candidate  locations  for  the  east  side  of  the  site 
would  likely  include  iL-50,P-50)  and/or  ( L-50, P-600 ) , 
assuming  the  criteria  is  to  drill  near  but  not  into  disturbed 
zones . 

For  a  location  on  the  south  end  of  the  site  there  are 
numerous  undisturbed  locations  to  choose  from.  Recalling  the 
reference  earlier  of  historical  evidence  suggesting  that  at 
one  time  there  appears  to  have  been  ponding  or  a  manmade  tank 
complex  across  the  area  bounded  by  Lines  100-400  and 
Positions  700-800.  Perhaps  at  least  one  site  along  this 
trend  is  to  be  recommended. 

On  the  north  side  of  the  site,  undisturbed  zones  are  confined 
to  the  eastern  and  western  extremities  for  the  most  part, 
with  possible  locations  at  1L-825.P-50)  or,  if  a  more  central 
location  is  chosen  on  the  east  side,  I  would  reccomend  the 
northeast  corner  as  another  possibility;  as  for  example 
(L-75.  P-25)  or  perhaps  the  northern  most  site  on  the  east 
side  referenced  earlier. 

Locations  on  the  west  side  will  have  to  be  tight  against  the 
fence  at  any  location  but  two  candidates  would  include 
(L-1175. P-750)  or  ( L- 1 1 75 . P -850 ) . 
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CONCLUDING  REMARKS 


Issues  addressed  during  the  course  of  this  report  have 
included  the  following: 

*  Detailing  the  site  to  identify  all  anomalous  zones 
for  planning  a  soil  sampling  program. 

*  Characterizing  the  geologic  and  hydrogeologic 
conditions  across  undisturbed  zones. 

*  Locating  undisturbed  sites  on  each  side  of  the 
landfill  area  to  consider  for  the  initial  monitoring 
we  11  prog  ram . 

*  Deriving  a  more  precise  estimate  of  the  location  of 
underground  storage  tank. 

Consultant  feels  that  the  quality  of  the  data  acquired  and 
the  consistency  of  results  within  each  technique  and  between 
techniques,  considering  the  complexity  of  the  area,  has 
resulted  in  a  quality  product  which  extracted  the  maximum 
available  information  which  should  allow  Client  to  enter  the 
next  phases  of  the  work  program  with  a  higher  level  of 
understanding  of  site  conditions  and  the  confidence  which 
this  brings  to  the  decision  making  process. 
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GENERALIZED  DATA  POINT  LOCATION  PLAT 
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MAGNETOMETER  GRADIENT  FIELD  RESULTS 
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FIGURE  12 
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ELECTROMAGNETIC  SURVEY  RESULTS 
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ELECTROMAGNETIC  SURVEY(0-20  MILLIMHOS) 


ELECTROMAGNETIC  SURVEY(0-50  MILLIMHOS) 
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ELECTROMAGNETIC  SURVEY(0-70  MILLIMHOS) 
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ELECTROMAGNETIC  SURVEY(70+  MILLIMHOS) 
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MAGNETIC  DETAIL(  L- 500, P-700) 
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MAGNETIC  DETAILt  L-575.  P-350) 
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FROM: 


LINDA  STEAKLEY 


DEB  SCHEIB 


DATE:  APRIL  18,  1990 

CC:  FILE 


SUBJECT:  ORGANIC  DATA  VALIDATION  -  VOA/BNA/PSP 

ELLINGTON  AIR  FORCE  BASE 
CASE  NO.  EAFB1,  SDG  EAFB1 

SAMPLES: 


soil 

01-FB01-A 

01-FB02-A 

01-RB01-A 

01-RB03-A 

01-SB01A-A 

01-SB01B-A 

01-SB03A-A 


01-SB03B-A 

01-SB04A-A 

01-SB04B-A 

01-TB01-A 

01-TB03-A 

02-FD01-A 

02-SB11A-A 


02-SB11B-A 

02-SB11C-A 

02-SB12A-A 

02-SB12B-A 

02-SB12C-A 

01-SB02-A 


NUS  Laboratories  analyzed  14  soil  samples  (including  one  field 
duplicate  pair)  and  6  aqueous  quality  control  samples  for  Target 
Compound  List  (TCL)  volatiles.  In  addition,  thirteen  samples  were 
analyzed  for  semivolatile  compounds  and  eleven  were  analyzed  for 
pesticide  /PCBs.  Included  with  this  sample  set  are  two  field 
blanks,  two  rinsate  blanks  and  two  trip  blanks. 

The  data  were  reviewed  with  reference  to  the  EPA  "Functional 
Guidelines  for  Organic  Data  Validation",  and  the  Hazardous  Waste 
Remedial  Action  Program's  (HAZWRAP)  "Requirements  for  Quality 
Control  of  Analytical  Data".  These  analyses  were  performed  under 
HAZWRAP  Level  C  QA/QC  requirements  and  were  evaluated  based  on  the 
following  criteria: 

-  Holding  times 

-  GC/MS  tuning  and  mass  calibration 
Laboratory  and  field  blank  analyses 
Initial  and  continuing  calibration 

-  Surrogate  spike  recovery 

-  Matrix  spike/matrix  spike  duplicate  (MS/MSD)  results 
Field  duplicate  precision 

-  Internal  standards  performance 
Detection  limits 

The  data  package  was  complete  as  submitted.  Surrogate  spike 
recovery  and  internal  standards  performance  met  contract  required 
criteria.  Results  which  did  not  meet  quality  control  criteria  are 
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discussed  below. 
Volatile  Fraction 


The  aromatic  compound  seven-day  holding  time  allowance  was  exceeded 
by  4-5  days  for  samples  02-FD01-A,  02-SB11B-A,  02-SB12A-A,  02- 
SB12B-A  and  02-SB12C-A.  Detection  Limits  (DLs)  for  aromatic 
compounds  in  these  samples  are  qualified  as  estimated,  "UJ". 

Sample  02-SB12A-A  was  reanalyzed  beyond  volatile  compound  holding 
time  allowances.  Only  the  reanalysis  data  was  submitted  as  part 
of  the  data  package.  All  results  for  this  sample  are  considered 
to  be  estimated.  Positive  results  are  qualified  "J" ;  DLs  are 
qualified  "UJ". 

Instrument  4500B  failed  to  meet  GC/MS  tuning  and  mass  calibration 
criteria  on  12/15/89.  Only  field  quality  control  samples  were 
analyzed  on  that  date;  no  reanalyses  were  performed.  No 
qualifications  were  made  as  field  quality  control  samples  are  not 
qualified  for  any  non-compliance.  The  sample  data  as  reported  is 
considered  to  be  useable  for  purposes  of  evaluating  the  extent  of 
blank  contamination. 

The  following  contaminants  were  detected  in  trip,  field,  rinsate 
and  laboratory  method  blank  analyses  in  the  maximum  concentrations 
indicated: 


_ contaminant _ 

benzene 

bromodichloromethane 

bromoform 

bromomethane 

chloromethane 

chloroform 

dibromochloromethane 

1. 1- dichloroethene 
total-1 , 2-dichloroethene 
trans-1 , 3-dichloropropane 
2-hexanone 

1,1,2, 2-tetrachloroethane 

1.1. 1- trichloroethane 

1 . 1. 2- trichloroethane 
vinyl  acetate 

common  contaminant 
acetone 
2-butanone 
methylene  chloride 
toluene 


maximum  concentration  (ug/kg) 
8 
15 
30 
2 
1 
39 
36 
1 
2 
1 
27 
1 
1 
3 
1 


85 

76 

19 

3 
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Action  levels  of  ten  times  the  maximum  amount  of  common  lab 
contaminant  and  five  times  the  maximum  amount  of  other  contaminants 
were  used  to  evaluate  the  data.  Sample  size  and  moisture  content 
adjustments  were  considered  prior  to  application  of  the  action 
levels.  No  qualifications  were  made  for  bromodichloromethane, 
dichlorobromomethane,  bromoform,  2-hexanone,  chloromethane , 
bromomethane,  1 , 1-dichloroethene  and  total-1, 2 -dichloroethene  as 
no  positive  results  were  reported  for  these  compounds.  Sample 
contaminant  concentrations  below  the  Contract  Required  Quantitation 
Limit  (CRQL)  have  been  deleted.  Sample  contaminant  concentrations 
above  the  CRQL  but  within  the  action  level  are  qualified  "U",  as 
undetected. 

The  Percent  Relative  Standard  Deviation  (%RSD)  for  the  initial 
calibration  of  2-butanone  exceeded  50%.  No  qualifications  were 
made,  however,  as  only  field  quality  control  samples  were  affected. 

Initial  calibrations  for  bromomethane,  chloroethane  and  methylene 
chloride  exceeded  the  exceeded  ±30%  RSD  quality  control  limit.  No 
qualifications  were  made  for  bromomethane  as  only  field  quality 
control  samples  were  affected.  No  qualifications  were  made  for 
chloroethane  as  no  positive  results  were  reported  for  this 
compound.  All  results  for  methylene  chloride  were  previously 
qualified  "U"  on  the  basis  of  blank  contamination;  no  further 
action  was  taken. 

Some  continuing  calibration  Percent  Differences  (%Ds)  for  acetone, 
cis-1 , 3-dichloropropene,  trans-l , 3-dichloropropene,  carbon 
disulfide  and  2-butanone  exceeded  50%.  No  positive  results  were 
reported  for  these  compounds  in  affected  samples.  DLs  are 
qualified  as  estimated,  "UJ" . 

Some  continuing  calibration  %Ds  for  several  compounds  exceeded  the 
±25%  quality  control  limit.  No  qualifications  were  made,  however, 
as  no  positive  results  were  reported  for  these  compounds  in 
affected  samples. 

The  Relative  Percent  Differences  (RPDs)  for  methylene  chloride  and 
acetone  exceeded  the  50%  field  duplicate  quality  criteria  for 
soils.  Results  for  these  compounds  in  both  samples  have  been 
previously  qualified  "Uw  based  on  blank  contamination.  No  further 
actions  were  taken  as  this  occurrence  is  felt  to  be  attributable 
to  varying  levels  of  laboratory  contamination  and  is  not  due  to 
field  duplicate  imprecision. 

Several  unknown  Tentatively  Identified  Compounds  (TICs)  were 
detected  in  blanks  analyzed  with  this  sample  set.  Sample  results 
for  these  unknowns  which  are  less  than  five  times  the  maximum 
amount  of  TIC  detected  have  been  stricken  (crossed-out)  on  the  Form 
I-VOA  TIC  reports. 
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Semivolatile  Fraction 

Laboratory  method  blank  analyses  yielded  a  maximum  amount  of  35 
ug/kg  of  the  common  laboratory  contaminant  di-n-butyl  phthalate. 
A  corresponding  350  ug/kg  action  level  was  used  to  evaluate  the 
data.  Sample  size  and  moisture  content  adjustments  were 
considered  prior  to  application  of  the  action  level.  Sample 
contaminant  concentrations  below  the  CRQL  have  been  deleted. 
Sample  contaminant  concentrations  above  the  CRQL  but  within  the 
action  level  are  qualified  "U" ,  as  undetected. 

The  30%  RSD  initial  calibration  criteria  was  exceeded  for  4- 
chloroaniline,  3-nitroaniline,  2 , 4-dinitrophenol ,  4-nitroaniline , 
bis ( 2-chloroethoxy ) methane ,  2-methylphthalene ,  2 , 6-dinitrotoluene , 
4-chlorophenyl-phenylether ,  fluorene,  and  pyrene.  No 
qualifications  were  made  as  no  positive  results  were  reported  for 
these  compounds. 

The  continuing  calibration  Response  Factor  (RF)  for  4-nitrophenol 
was  below  the  0.05  quality  control  limit.  Only  sample  01-SB01B-A 
was  affected.  The  DL  for  4-nitrophenol  in  this  sample  is  qualified 
as  unreliable,  "R" . 

Some  continuing  calibration  IDs  for  di-n-butylphthalate  and 
butylbenzylphthalate  exceeded  50%.  No  qualifications  were  made  as 
only  field  quality  control  samples  were  affected. 

The  +  2  5  %D  quality  control  criteria  was  exceeded  for  the 
continuing  calibrations  of  several  compounds.  No  qualifications 
were  made  as  no  positive  results  were  reported  for  these  compounds 
in  the  affected  samples. 

Percent  recoveries  (%R)  for  4-nitrophenol  and  2 , 4-dinitrotoluene 
exceeded  quality  control  limits  for  the  Matrix  Spike/Matrix  Spike 
Duplicate  (MS/MSD)  analysis  of  sample  01-SB02-A.  No  qualifications 
were  made  as  no  positive  results  were  reported  for  this  sample. 

Several  TICs  were  detected  in  associated  blank  analyses.  A  summary 
of  the  maximum  amounts  of  TIC  contaminants  found  follows: 


Contaminant  (RT) 

2 . 5- dimethyl-2-hexene 

2 . 5- dimethyl-3-hexene 
2,3, 6-trimethyl  heptane 
aldol  condensation  product 

2.3- dimethyl  heptane 

2. 4 - dimethyl  heptane 

2.5- dimethyl  heptane 


Max.  Amount  Found  (ug/kg) 

180 

240 

830 

37000 

1700 

190 

220 

(continued) 
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2,6-dimethyl  heptane  780 

3.4- dimethyl  heptane  310 

3.5- dimethyl  heptane  2300 

2.2.4- trimethyl  pentane  130 

2.3.4- trimethyl  pentane  2100 

4- ( l-methylethyl) -heptane  660 

5 . 5- dimethyl-2-furanone  540 

dimethyl-2-pentene  isomer  260 

1- methylethyl  acetic  acid  (ester)  1600 

4-methylethyl  acetic  acid  (ester)  140 

2. 6- dimethyl  heptane  350 

2- methyl  octane  220 

3- methyl  octane  1300 

2-butoxy  ethanol  1300 

2-ethyhexyl  hexanedioic  acid  (ester)  65000 


Several  unknowns  and  alkanes  were  also  detected.  Sample  results 
less  than  five  times  the  maximum  amounts  of  TIC  contaminants  shown 
above  have  been  stricken  (crossed-out)  on  the  Form  I -BN  A  TIC 
reports. 

Pesticide/PCB  Fraction 

Sample  01-SB04B-A  was  extracted  six  days  beyond  holding  time 
allowances.  No  positive  results  were  reported.  DLs  for  this 
sample  are  qualified  as  estimated,  "UJ". 
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LINDA  STEAXLEY 

DATE:  APRIL 

FROM: 

DEB  SCHEIB  CT 

CC:  FILE 

SUBJECT : 

ORGANIC  DATA  VALIDATION  - 

VOA/BNA/PfiP 

ELLINGTON  AIR  FORCE 

BASE 

CASE  NO.  EAFB1,  SDG 

EAFB2 

SAMPLES : 

WATER 

01-FD02-A 

01-SB05A-A 

01-SB05B-A 

01-SB13A-A 

01-SB13B-A 


02-SB13C-A 

01-SB14A-A 

01-SB14B-A 

01-SB14C-A 

02-TB03-A 


01-TB04-A 

02-RB05-A 

RB06-A 

FB04-A 

FB03-A 


NUS  Laboratories  analyzed  9  soil  samples  (including  one  field 
duplicate  pair)  and  6  aqueous  quality  control  samples  for  Target 
Compound  List  (TCL)  volatiles.  In  addition,  nine  samples  were 
analyzed  for  TCL  semivolatile  compounds  and  six  samples  were 
analyzed  for  pesticide  /PCBs.  Included  with  this  sample  set  are 
two  field  blanks,  two  rinsate  blanks  and  two  trip  blanks. 

The  data  were  reviewed  with  reference  to  the  EPA  "Functional 
Guidelines  for  Organic  Data  Validation",  and  the  Hazardous  Waste 
Remedial  Action  Program's  (HAZWRAP)  "Requirements  for  Quality 
Control  of  Analytical  Data".  These  analyses  were  performed  under 
HAZWRAP  Level  C  QA/QC  requirements  and  were  evaluated  based  on  the 
following  criteria: 

Holding  times 

-  GC/MS  tuning  and  mass  calibration 

-  Laboratory  and  field  blank  analyses 
Initial  and  continuing  calibration 

-  Surrogate  spike  recovery 

-  Matrix  spike/matrix  spike  duplicate  (MS/MSD)  results 
Field  duplicate  precision 

Internal  standards  performance 

-  Detection  limits 

The  data  package  was  complete  as  submitted.  GC/MS  tuning  and  mass 
calibration,  internal  standards  performance  and  surrogate  spike 
recoveries  met  contract  required  criteria.  Results  which  did  not 
meet  quality  control  criteria  are  discussed  below. 
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Volatile  Fraction 

The  aromatic  compound  seven-day  holding  time  allowance  was  exceeded 
by  1  day  for  samples  01-FD02-A,  01-SB05A-A  and  01-SB05B-A.  No 

qualifications  were  made  as  this  occurrence  is  felt  to  have 
negligible  impact  on  soils. 

The  seven-day  aromatic  holding  time  allowance  was  exceeded  by 
several  days  for  the  following  samples: 

02-SB13A-A  02-TB03-A  RB06-A 

02-SB13C-A  01-TB04-A 

02-SB14C-A  FB04-A 

In  addition,  the  fourteen-day  volatile  compound  holding  time 
allowance  was  exceeded  by  several  days  for  the  reanalysis  of  the 
following: 


02-SB13B-A  02-SB14B-A 
02-SB13C-A  02-SB14C-A 
02-SB14A-A  FB03-A 

No  qualifications  were  made  for  field  quality  control  samples  as 
these  are  not  qualified  for  any  non-compliance  as  per  validation 
protocol.  Positive  results  and  Detection  Limits  (DLs)  for  affected 
compounds  in  affected  samples  are  qualified  as  estimated  "J"  and 
"UJ" ,  respectively. 

The  following  contaminants  were  detected  in  trip,  field,  rinsate 
and  laboratory  method  blank  analyses  in  the  maximum  concentrations 
indicated: 


contaminant _ 

benzene 

bromodichloromethane 

bromomethane 

chi orome thane 

chloroform 

dibromochloromethane 

1 . 1- dichloroethene 
total-1, 2-dichloroethene 
trans-1 , 3-dichloropropane 
2-hexanone 

1,1,2 , 2-tetrachloroethane 

1.1. 1- trichloroethane 

1. 1. 2- trichloroethane 
vinyl  acetate 


maxirum  concentration  (ug/kg) 
8 

16 

2 

1 

40 

33 

1 

2 

1 

1 

1 

1 

3 

1 


(continued) 
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maximum  concentration  (ug/kg) 
16 
3 
17 
3 


common  contaminant 
acetone 
2-butanone 
methylene  chloride 
toluene 


Action  levels  of  ten  times  the  maximum  amount  of  common  lab 
contaminant  and  five  times  the  maximum  amount  of  other  contaminants 
were  used  to  evaluate  the  data.  Sample  size  and  moisture  content 
adjustments  were  considered  prior  to  application  of  the  action 
levels.  No  qualifications  were  made  for  bromomethane,  1,1- 
dichloroethene ,  total - 1 , 2 -dichloroethene ,  trans-1,3- 
dichloropropene ,  1 , 1 , 1-trichloroethane ,  vinyl  acetate  and  toluene 
as  no  positive  results  were  reported  for  these  compounds.  Sample 
contaminant  concentrations  below  the  Contract  Required  Quantitation 
Limit  (CRQL)  have  been  deleted.  Sample  contaminant  concentrations 
above  the  CRQL  but  within  the  action  level  are  qualified  "U" ,  as 
undetected. 


The  average  Relative  Response  Factor  (RRF)  for  the  initial 
calibration  of  2-butanone  was  below  the  0.05  quality  control  limit. 
Only  the  reanalysis  of  sample  02-SB13B-A  was  affected.  The  DL  for 
2-butanone  in  this  sample  is  qualified  as  unrelaible.  "R" . 

Percent  Relative  Standard  Deviations  (%RSDs)  for  the  initial 
calibration  of  chloroethane,  methylene  chloride,  acetone  and  total 
xylenes  exceeded  the  30%  quality  control  criteria.  No 
qualifications  were  made  for  acetone  as  only  field  quality  control 
samples  were  affected.  No  qualifications  were  made  for 
chloroethane  or  total  xylenes  as  no  positive  results  were  reported 
for  these  compounds  in  affected  samples.  The  positive  result 
reported  for  methylene  chloride  in  the  reanalysis  of  sample  02- 
SB13-B-A  was  previously  qualified  as  estimated  based  on  holding 
times.  No  further  action  was  taken. 


Some  continuing  calibration  Percent  Differences  (%Ds)  for  trans- 
1, 3-dichloropropene,  carbon  disulfide  and  total  xylenes  exceeded 
50%.  DLs  for  these  compounds  in  affected  samples  are  qualified  as 
estimated,  "UJ" .  The  positive  result  for  acetone  in  sample  02- 
SB14A-A  was  previously  qualified  as  estimated,  "J",  based  on 
holding  times. 

Some  continuing  calibration  %Ds  for  several  compounds  exceeded  the 
±25%  quality  control  limit.  No  qualifications  were  made,  however, 
as  no  positive  results  were  reported  for  these  compounds  in 
affected  samples. 

The  Tentatively  Identified  Compounds  (TICs)  1, 1, 2-trichloro-l , 2 , 2- 
trifluoroethane  (Freon  113)  and  methylcyclopentane  were  detected 
in  blanks  analyzed  with  this  sample  set.  Several  unknowns  and 
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alkanes  were  also  detected.  No  qualifications  were  made  as  no  TICs 
occurring  in  the  blanks  occurred  in  the  samples. 

Semivolatile  Fraction 

The  following  contaminants  were  detected  in  laboratory  method  and 
field  quality  control  blank  analyses  in  the  .naximum  concentrations 
indicated: 


contaminant 

pentachlorophenol 

pyrene 


maximum  concentration  (ug/kg) 
230 
99 


common  contaminant  maximum  concentration  (ug/kg) 

bis(2-ethylhexyl)phthalate  16 

Action  levels  of  ten  times  the  maximum  amount  of  common  lab 
contaminant  and  five  times  the  maximum  amount  of  other  contaminants 
were  used  to  evaluate  the  data.  Sample  size  and  moisture  content 
adjustments  were  considered  prior  to  application  of  the  action 
levels.  No  qualifications  were  made  for  pentachlorophenol  and 
pyrene  as  no  positive  results  were  reported  for  these  compounds. 
Bis (2-ethylhexyl) phthalate  results  below  the  CRQL  have  been 
deleted. 

The  3  0%  RSD  initial  calibration  criteria  and  the  ±  25%  D  continuing 
calibration  criteria  was  exceeded  for  several  compounds.  No 
qualifications  were  made,  however,  as  no  positive  results  were 
reported  for  the  affected  compounds. 

Sample  01-SB05B-A  was  determined  to  be  free  of  semivolatile 

contamination,  however,  phenol  and  bis(2-ethylhexyl)phthalate  were 
detected  in  the  field  duplicate.  No  action  was  taken  as  the 
presence  of  bis (2-ethylhexyl) phthalate  is  felt  to  be  attributable 
to  blank  contamination  and  the  concentration  for  phenol  is  well 
below  the  CRQL  for  soils. 

Positive  results  for  phenol  and  naphthalene  are  qualified  as 
estimated,  " J” ,  as  they  are  below  the  CRQL. 

Several  TICs  were  detected  in  associated  blank  analyses.  A  summary 
of  the  maximum  amounts  of  TIC  contaminants  found  follows: 

Contaminant  (RT)  Max.  Amount  Found  (ug/kg) 

2 , 5-dimethyl-2 -hexene  180 

2,3,6-trimethyl  heptane  240 

aldol  condensation  product  4100 

(continued) 
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2 . 3- dimethyl  heptane  610 

3. 4 - dimethyl  heptane  310 

3.5- dimethyl  heptane  180 

2,3,4-trimethyl  pentane  770 

4- ( l-methylethyl) -heptane  660 

5 . 5- dimethyl-2-furanone  560 

3 - methyl  octane  210 

4 - methyl  octane  200 

2-butoxy  ethanol  1100 


Several  unknowns  were  also  detected.  Sample  results  less  than  five 
times  the  maximum  amounts  of  TIC  contaminants  shown  above  have  been 
stricken  (crossed-out)  on  the  Form  I-BNA  TIC  reports. 

Pesticide/PCB  Fraction 

The  Matrix  Spike  (MS)  recovery  for  heptachlor  fell  below  quality 
limits  in  the  MS/MSD  analysis  of  sample  01-FD02-A.  No 
qualifications  were  made  as  the  Matrix  Spike  Duplicate  (MSD) 
recovery  for  heptachlor  was  acceptable. 

Samples  02-SB05B-A  and  01-FD02-A  constitute  a  field  duplicate  pair. 
Results  for  heptachlor  exceeded  the  50%  Relative  Percent  Difference 
(RPD)  field  duplicate  criteria  for  soils.  The  positive  result  for 
heptachlor  in  sample  01-FD02-A  is  qualified  as  estimated  "J".  The 
DL  in  sample  02-SB05B-A  is  qualified  "UJ" . 
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TO: 

FROM: 


LINDA  STEAXLEY  r 

:  f ,  (V 

D.  A.  SCHEIB 


DATE:  MARCH  29,  1990 
CC:  AMY  HUBBARD 


SUBJECT:  INORGANIC  DATA  VALIDATION  -  METALS 

METALS  AND  PETROLEUM  HYDROCARBONS 
ELLINGTON  AIR  FORCE  BASE 
CASE  NO.  EAFB1 
SDG  EAFB4 


SAMPLES: 


WATER 

01— MW03-A 
01— MW04-A 
01-FB10-A 
01-FB11-A 
01-MW01-A 


01-MW02-A 

01-MW05-A 

01-FD05-A 

01-RB13-A 


NUS  Laboratories  analyzed  6  water  samples  (including  one  pair  of 
field  duplicates)  and  three  associated  aqueous  quality  control 
samples  taken  from  the  Ellington  Air  Force  Base  for  TAL  Metals  and 
Petroleum  Hydrocarbons.  Data  from  these  samples  were  evaluated 
under  the  following  HAZWRAP  Level  C  QA/QC  criteria: 

-  Holding  Times 
Interference  Check  Samples 

o  -  Matrix  and  Analytical  Spike  Results 
Initial  and  Continuing  Calibration 

-  Laboratory  and  Field  Duplicates 

o  -  Laboratory  and  Field  Blank  Analyses 

-  Laboratory  Check  Samples 
Serial  Dilutions 

-  Detection  Limits 

o  Indicates  that  quality  control  criteria  were  not  met  for  this 
parameter . 

TAL  Metals 

Blanto 

Cobalt,  iron,  mercury,  barium,  calcium,  lead,  magnesium,  manganese, 
potassium,  sodium,  silver,  and  zinc  were  found  in  laboratory  and 
field  quality  control  blanks.  Positive  results  less  than  5  times 
the  highest  blank  concentrations  are  qualified,  "U" ,  as  undetected. 
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Matrix  Spikes 

Matrix  spike  recoveries  for  silver  were  below  the  ±25%  quality 
control  limit.  Therefore,  detection  limits  reported  for  silver  are 
qualified  as  unreliable,  "R" . 

Petroleum  Hydrocarbons 

Samples  01-MW05-A  and  01-FD05-A  constitute  a  field  duplicate  pair. 
No  petroleum  hydrocarbons  were  detected  for  sample  01-FD05-A, 
however,  a  concentration  of  0.9  ng/1  was  reported  for  sample  01- 
HW05-A.  This  positive  result  has  been  qualified  as  estimated,  "J" 
due  to  lack  of  precision  for  field  duplicate  results. 


/bpk 


TABLE  1  -  METALS 


SUMMARY  OF  QUALIFIERS  AFTER  DATA  VALIDATION 
ELLINGTON  AIR  FORCE  BASE 


CASE  NO. 

EAFB1,  SDG 

EAFB4 

Analyte 

Samde  No. 

Positive 

Undetected 

Bias 

Cojngejit 

Cobalt 

All 

U 

High 

1 

Iron 

All,  except 

01— MW04-A 

U 

High 

1 

Mercury 

01-MW03-A, 

01— MW01-A, 
01-MW02-A 

U 

High 

1 

Barium 

All ,  except 
01-MW03-A 

U 

High 

1 

Lead 

All,  except 
01-MW02-A 

U 

High 

1 

Magnesium 

All 

U 

High 

1 

Manganese 

01-MW03-A, 

01— MW02-A 

U 

High 

1 

Potassium 

All 

u 

High 

1 

Sodium 

All 

u 

High 

1 

Zinc 

All 

u 

High 

1 

Silver 

01-MW03 -A , 
01-MW02-A 

u 

High 

1 

01-MW04-A, 

01-MW01-A, 

01-MW05-A, 

01-FD05-A 

R 

N/A 

2 

Continents 

1.  Blank  contamination. 

2.  Low  matrix  spike  recovery. 

Note 

Aqueous  quality  control  samples  (field  blanks)  are  not  qualified 
on  the  basis  of  blank  contamination  or  any  other  non-compliance. 
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TO: 

FROM: 


LINDA  STEAK  ELY, 
D.  A.  SCHEIB 


(? 


DATE:  APRIL  18,  1990 
CC:  FILE 


SUBJECT:  ORGANIC  DATA  VALIDATION  -  VOA/BNA/PSP 

ELLINGTON  AIR  FORCE  BASE 
CASE  NO.  EAFB1,  SDG  EAFB4 


SAMPLES: 


Water 

01-FB10-A 

01-FB11-A 

01-FD05-A 

01-MW05-A 

01-MW01-A 

01-MW02-A 


C1-MW03-A 

01-RB13-A 

01-TB09-A 

02-FB09-A 

02-MW07-A 

02-MW09-A 


02-MW108-A 

02-MW110-A 

02-RB11-A 

02-TB07-A 

02-TB08-A 

01-MW04-A 


NUS  Laboratories  analyzed  10  water  samples  (including  one  pair  of 
field  duplicates  and  8  aqueous  quality  control  samples  for  Target 
Compound  List  (TCL)  volatile  and  semivolatile  compounds.  Nine 
samples  were  also  analyzed  for  pesticides  and  PCBs.  Included  in 
this  sample  set  are  three  field  blanks,  two  rinsate  blanks  and 
three  trip  blanks. 

The  data  were  reviewed  with  reference  to  the  EPA  "Functional 
Guidelines  for  Organic  Data  Validation"  and  the  Hazardous  Waste 
Remedial  Action  Programs 's  (HAZWRAP)  "Requirements  for  Quality 
Control  of  Analytical  Data".  Analyses  were  conducted  and  are 
evaluated  under  the  following  HAZWRAP  Level  C  QA/QC  criteria: 

-  Holding  times 

-  GC/MS  tuning  and  mass  calibration 

-  Laboratory  blank  analyses 

-  Initial  and  continuing  calibration 

-  Internal  standards  performance 

-  Surrogate  spike  recovery 

-  Matrix  Spike/Matrix  Spike  Duplicate  results 

-  Field  duplicate  precision 

-  Detection  limits 


The  data  package  was  complete  as  submitted.  GC/MS  tuning  and  mass 
calibration  and  internal  standards  performance  met  contract 
required  criteria.  Data  which  did  not  meet  quality  criteria  are 
discussed  below. 


volatile  Fraction 


The  seven-day  holding  time  allowance  for  aromatic  compounds  was 
exceeded  by  five  days  for  the  following  samples: 

01-MW01-A  01-MW04-A  01-MW107-A 
01-MW02-A  01-MW05-A  01-MW108-A 
02-MW03-A  02-MW09-A  02-MW110-A 

Positive  results  and  detection  limits  for  aromatic  compounds  in 
affected  samples  are  qualified  as  estimated,  "J"  and  "UJ" , 
respectively . 

The  following  contaminants  were  detected  in  trip,  field,  rinsate 
and  laboratory  method  blank  analyses  in  the  maximum  concentrations 
indicated: 


contaminant  maximum  concentration  (ug/L) 


benzene  16 
bromodichloromethane  41 
bromoform  21 
carbon  disulfide  85 
chloroform  53 
dibromochloromethane  44 
1, 1, -dichloroethane  16 
ethylbenzene  5 
2-hexanone  19 
4 -methyl-2 -pentanone  4 
1,1, 1-tr ichloroethane  11 
total  xylenes  37 

common  contaminant 

acetone  23 
2-butanone  110 
methylene  chloride  23 
toluene  16 


Action  levels  of  ten  times  the  maximum  amount  of  common  lab 
contaminant  and  five  times  the  maximum  amount  of  other  contaminants 
detected  were  used  to  evaluate  the  data.  Sample  contaminant 
concentrations  below  the  Contract  Required  Quantitation  Limit 
(CRQL)  have  been  deleted.  Sample  contaminant  concentrations  above 
the  CRQL  but  within  the  action  level  are  qualified  "U",  as 
undetected . 

Initial  calibration  Percent  Relative  Standard  Deviation  (%RSD)  for 
chloroethane  exceeded  50%.  Detection  limits  for  chloroethane  in 
affected  samples  are  qualified  as  estimated,  "UJ" . 


Initial  calibration  %RSDs  for  total  xylenes  and  carbon  disulfide 
exceeded  the  30%  quality  control  criteria.  Affected  sample  data 
was  not  qualified  further  as  results  for  these  compounds  were 
already  qualified  "U"  based  on  blank  contamination. 

The  continuing  calibration  Percent  Difference  (%D)  for  vinyl 
acetate  exceeded  50%.  Detection  limits  for  vinyl  acetate  in 
affected  samples  are  qualified  as  estimated,  "UJ".  The  continuing 
calibration  %D  for  acetone  exceeded  50%,  however,  no  qualifications 
were  made  to  detection  limits  for  acetone  were  previously  raised 
(via  use  of  the  "U"  qualifier)  due  to  blank  contani  ation. 

Some  continuing  calibration  %Ds  for  acetone,  carbon  disulfide, 
vinyl  acetate,  tetrachloroethane,  total  xylenes  and  chloromethane 
exceeded  the  ±  25%  quality  limit.  No  qualifications  for  acetone, 
carbon  disulfide  and  total  xylenes  were  made  as  affected  results 
for  these  compounds  were  already  qualified  "U"  based  on  blank 
contamination.  No  qualifications  for  vinyl  acetate, 
tetrachloroethane  and  chloromethane  were  made  as  no  positive 
results  were  reported  for  these  compounds. 

Percent  Recoveries  (%R)  for  1 , 1-dichloroethene  and  trichloroethene 
exceeded  matrix  spike/matrix  spike  duplicate  quality  control 
criteria.  No  qualifications  were  made  as  no  positive  results  were 
reported  for  these  compounds. 

Relative  Percent  Differences  (RPDs)  for  benzene  and  carbon 
disulfide  exceeded  the  30%  quality  limit  for  waters  for  the  field 
duplicate  analyses  of  samples  01-MW05-A  and  01-FD05-A.  No 
qualifications  were  made  as  these  occurrences  are  felt  to  be 
attributable  to  blank  contamination  and  not  field  duplicate 
imprecision. 

A  maximum  concentration  of  44  ug/L  l,l,2-trichloro-l,2,2- 
trif luoroethane  (Freon  113)  was  detected  at  a  TIC  in  blanks 
analyzed  with  this  sample  set.  Several  unknown  compounds  were  also 
detected  in  the  blanks.  All  sample  TIC  results  for  Freon  113  were 
less  than  the  corresponding  220  ug/L  action-level  and  have  been 
stricken  (crossed-out)  on  the  Form  I-VOA  TIC  reports.  No  unknowns 
occurring  in  the  blanks  occurred  in  the  samples. 

Beaivolatile  Fraction 

Maximum  concentrations  of  1  ug/L  naphthalene  and  2  ug/L  of  the 
common  blank  contaminant  bis(2-ethylhexyl)  phthalate  were  detected 
in  field  and  rinsate  blank  analyses.  No  qualifications  were  made 
as  no  positive  sample  results  were  reported  for  these  compounds. 

Some  %Ds  for  the  continuing  calibration  of  several  compounds  failed 
to  meet  the  +  25%  quality  criteria.  No  qualifications  were  made 
as  no  positive  sample  results  were  reported  for  the  affected 
compounds . 


The  Percent  Recovery  (%R)  for  the  surrogate  2- fluorobiphenyl  was 
below  acceptable  limits  in  sample  01-MW02-A.  No  qualification 
based  on  this  single  occurrence  is  required. 

A  maximum  concentration  of  5.8  ug/L  cyclohexanone  and  several 
unknowns  were  detected  in  blanks  analyzed  with  this  sample  set. 
None  of  these  particular  TICs  were  found  in  the  samples,  hence,  no 
qualifications  were  made. 

Pesticide/PCB  Fraction 

Delta-BHC,  gamma-BHC  (lindane)  and  heptachlor  were  detected  in  the 
rinsate  blank.  No  qualifications  were  made  as  no  positive  sample 
results  were  reported  for  these  compounds. 

Positive  results  for  alpha-BHC  and  methoxychlor  are  qualified  " J" , 
as  estimated,  as  they  are  below  the  CRQL. 
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TO:  LINDA  STEAXLEY 


FROM: 


D. 


A. 


SCHEIB 


C-49-0-3-173 

DATE:  MARCH  30,  1990 

CC:  AMY  HUBBARD 


SUBJECT:  INORGANIC  DATA  VALIDATION  -  PETROLEUM  HYDROCARBONS 

ELLINGTON  AIR  FORCE  BASE 
CASE  NO.  EAFB1,  SDG  EAFB3 


SAMPLES : 


SOIL 


02-SB07A-A 

02-SB07B-A 

02-SB07C-A 

02-SB08A-A 

02-SB08B-A 

02-SB08C-A 

02-FD08-A 

02-SB09A— A 


02-S309B-A 

02-SB09C-A 

02-S31QA-A 

02-FD04-A 

02-SB10B-A 

01-SS01-A 

0I-SS02-A 

0I-2203-A 


01-FD05-A 
02-FB05-A  (HPLC) 
02-FB06-A  (MUNIC.) 
02-FB07-A  (HPLC) 
02-FB08-A  (MUNIC.) 
02-RB07-A 
02-RB09-A 


NUS  Laboratories  analyzed  17  soil  samples  (including  three  pairs 
of  field  duplicates)  and  6  associated  aqueous  quality  control 
samples  taken  from  the  Ellington  Air  Force  base  for  Petroleum 
Hydrocarbons.  Data  from  these  samples  were  evaluated  under  HAZWRAP 
Level  C  QA/QC  criteria. 


Petroleum  Hydrocarbons 

All  analyses  met  quality  control  criteria.  Twenty  samples  were 
determined  to  be  free  of  petroleum  hydrocarbon  contamination. 
Three  samples  were  found  to  contain  the  following  concentrations: 


_ Sample 

02-SB10A-A 
02-FD04  * 
01-SS02-A 


-ftnwnt 

99  mg/ kg 
99  mg/ kg 
220  mg/kg 


*  Field  duplicate  to  02-SB10A-A 


/bplci 
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C-49-4-0-87 


TO: 

FROM: 


LINDA  STEAKLEY 
D.  A.  SCHEIB 


DATE:  APRIL  18,  1990 
COPIES:  AMY  HUBBARD 


SUBJECT:  ORGANIC  DATA  VALIDATION  -  VOA/BNA/P&P 

ELLINGTON  AIR  FORCE  BASE 
CASE  NO.  EAFB1,  SDG  EAFB3 


SAMPLES : 


soil 


02F0B-5A-A 

02FB06A-A 

02-FB07-A 

02-FB08-A 

02-FD03-A 

02-SB08C-A 

02-FD04-A 

02-SB10A-A 

02-RB07-A 


02-RB09-A 

02-SB07A-A 

02-SB07B-A 

02-SBO7C-A 

02-SBO8A-A 

02-SB08B-A 

02-SB09A-A 

Q2-SBQ9B-A 

02-SB10B-A 


02-SB09C-1 

02-TB05-A 

02-TB06-A 

01-FD05-A 

01-SS01-AE 

01-SS01-AW 

01-SS02-AC 


The  twenty-five  samples  comprising  this  set  consist  of  17  soils 
(including  three  field  duplicate  pairs)  and  8  aqueous  quality 
control  samples.  All  Target  Compound  List  (TCL)  analyses  were 
conducted  by  NUS  Laboratories.  Twenty-one  samples  were  analyzed 
for  volatile  compounds,  fifteen  for  semivolatiles  and  four  for 
pesticides  and  PCBs.  Included  in  this  sample  set  are  four  field 
blanks,  two  rinsate  blanks  and  two  trip  blanks. 

The  data  were  reviewed  with  reference  to  the  EPA  "Functional 
Guidelines  for  Organic  Data  Validation"  and  the  Hazardous  Waste 
Remedial  Action  Program's.  (HAZWRAP)  "Requirements  for  Quality 
Control  of  Analytical  Data".  The  analyses  were  conducted  under 
HAZWRAP  Level  C  QA/QC  requirements  and  were  validated  according  to 
the  following  criteria: 

-  Holding  times 

-  GC/MS  tuning  and  mass  calibration 

-  Laboratory  and  field  blank  analyses 

-  Initial  and  continuing  calibration 

-  Internal  standards  performance 

-  Surrogate  spike  recovery 

-  Matrix  Spike/Matrix  Spike  Duplicate  results 

-  Field  duplicate  precision 

-  Detection  limits 


The  data  package  was  complete  as  submitted.  GC/MS  tuning  and  mass 
calibration  surrogate  spike  recoveries  and  internal  standards 
performance  met  contract  required  criteria.  Data  which  did  not 
meet  quality  criteria  are  discussed  below. 

Volatile  Fraction 

The  seven-day  aromatic  compound  holding  time  allowance  was  exceeded 
by  four  days  for  sample  02-FD04-A  and  by  two  days  for  sample  02- 
SB09C-A.  No  qualifications  were  made  as  these  occurrences  have 
negligible  impact  on  soil  matrix  samples. 

The  following  contaminants  were  detected  in  trip,  field,  rinsate 
and  laboratory  method  blank  analyses  in  the  maximum  concentrations 
indicated: 


contaminant 


maximum  concentration  (mg/kg) 


benzene  15 
bromoform  22 
bromodichloromethane  21 
carbon  disulfide  7 
chlorobenzene  18 
chloroform  51 
dibromochloromethane  34 
2-hexanone  17 
4 -methyl-2 -pentanone  4 
1, 1, 1-trichloroethane  38 
vinyl  acetate  23 

common  contaminant 

acetone  41 
2-butanone  18 
methylene  chloride  37 
toluene  4 


Action  levels  of  ten  times  the  maximum  amount  of  common  lab 
contaminant  and  five  times  the  maximum  amount  of  other  contaminants 
detected  were  used  to  evaluate  the  data. 

No  qualifications  were  made  for  bromoform,  bromodichloromethane, 
carbon  disulfide,  chlorobenzene,  dibromochloromethane,  2-hexanone, 
1, 1, 1-trichloroethane,  4-methyl-2-pentanone  and  vinyl  acetate  as 
no  positive  sample  results  were  reported  for  these  compounds. 
Sample  contaminant  concentrations  for  the  remaining  affected 
compounds  which  were  above  Contract  Required  Quantitation  Limit 
(CRQL)  but  within  the  action  level  are  qualified  "U" ,  as 
undetected.  Affected  sample  contaminant  concentrations  below  the 
CRQL  have  been  detected. 


NUS  corporation 


The  average  Response  Factor  (RF)  for  the  initial  calibration  of  2- 
butanone  was  below  the  0.050  quality  control  limit.  No 
qualifications  were  made  as  only  field  quality  control  samples  were 
affected  (field  quality  control  samples  are  not  qualified  for  any 
non-compliance) . 

Initial  calibration  Percent  Relative  Standard  Deviations  (%RSDs) 
for  chloroethane,  acetone,  carbon  disulfide  and  total  xylenes 
exceeded  50%,  Detection  Limits  (DLs)  for  these  compounds  in 
affected  samples  were  qualified  as  estimated  "UJ" .  The  30%  RSD 
quality  criteria  was  exceeded  for  total  xylenes,  chloroethane  and 
acetone,  however,  no  qualifications  were  made  as  no  positive  sample 
results  were  reported  for  these  compounds. 

Some  continuing  calibration  Percent  Differences  (%Ds)  for  total 
xylenes,  acetone,  2-butanone  and  2-hexanone  exceeded  50%. 
Detection  limits  for  acetone,  2-butanone  and  2-hexanone  were  not 
qualified  as  the  DLs  for  these  compounds  were  previously  raised 
(via  the  use  of  a  "U"  qualifier)  due  to  blank  contamination.  No 
qualifications  were  made  for  total  xylenes  as  only  field  quality 
control  samples  were  affected. 


The  +  25  %D  continuing  calibration  quality  control  criteria  was 
exceeded  for  the  following  compounds: 


acetone 

bromoform 

2-hexanone 

2-butanone 


chloromethane 
bromomethane 
tetrachloroethene 
vinyl  acetate 


4-methyl-2-pentanone 
1,1,2, 2-tetrachloroethane 
total  xylenes 
carbon  disulfide 


No  qualifications  were  made  as  no  positive  results  were  reported 
for  these  compounds  in  affected  samples. 


The  field  duplicate  Relative  Percent  Difference  (RPD)  for 
ethylbenzene  exceeded  the  50%  quality  criteria  for  soils.  The 
positive  result  reported  for  ethylbenzene  in  sample  01-SB10A-A  is 
estimated,  "J".  The  detection  limit  for  ethylbenzene  in  the  field 
duplicate  sample  02-FD04-A  is  qualified  as  estimated,  "UJ". 

Maximum  concentrations  of  49  ug/kg  1 , 1 , 2-trichloro-l , 2 , 2- 
trifluoroethane  (Freon  113),  72  ug/kg  2-propanol  and  44  ug/kg 
hexamethyicyclotrisiloxane  were  detected  in  blanks  analyzed  with 
this  sample  set.  Several  unknowns  were  also  detected.  No 
qualifications  were  made  as  none  of  these  TICs  were  detected  in  the 
samples . 


Semivolatile  Fraction 

Sample  02-SB09C-A  was  extracted  one  day  beyond  the  holding  time 
allowance.  The  data  for  this  sample  was  not  qualified  as  the 
impact  of  this  occurrence  is  negligible  for  BNAs  in  soils. 


NUS  CORPORATION 


The  +  25  %D  continuing  calibration  quality  control  criteria  was 
exceeded  for  the  following  compounds: 


2-nitroaniline 
2 , 6-dinitrotoluene 
2,4, 5-trichlorophenol 
hexachloroethane 


2 , 4-dinitrophenol 
dibenzofuran 
f luorene 
benzoic  acid 


diethyl phthal ate 

4-nitrophenol 

dimethylphthalate 


bis  ( 2 -chloroethoxy) methane  4 , 6-dinitro-2-methylphenol 

No  qualifications  were  made  as  no  positive  results  were  reported 
for  these  compounds  in  affected  samples. 

The  Percent  Recoveries  (%Rs)  for  2 , 4-dinitrotoluene,  pyrene  and 
pentachlorophenol  were  less  than  10%  for  the  matrix  spike  (MS) 
analysis  of  sample  01-SS01-AC.  MS  recoveries  for  1,4- 
dichlorobenzene,  N-nitroso-di-n-propylamine  and  1,2,4- 
trichlorobenzene  fell  beneath  the  +  25%  acceptance  limits.  No 
qualifications  were  made,  however,  as  all  recoveries  for  the  matrix 
spike  duplicate  (MSD)  analysis  of  this  sample  met  quality  control 
criteria.  These  occurrences  and  the  associated  non-compliant  RPDs 
are  felt  to  be  sample  specific  and  do  not  affect  the  rest  of  the 
data. 


The  %R  for  2 , 4-dinitrotoluene  exceeded  the  +  25%  quality  limit  in 
the  MS  analysis  of  sample  02-SB09C-A.  No  qualifications  were  made 
is  all  MSD  quality  criteria  were  met. 

Samples  02-SB10A-A  and  02-FD04-A  constitute  a  field  duplicate  pair. 
Results  for  naphthalene  and  2-methylnaphthalene  exceeded  the  50% 
RPD  quality  criteria  for  soils.  No  qualifications  were  made, 
however,  as  the  results  for  these  two  compounds  are  below  the  CRQL. 


Samples  01-SS01-AE  and  01-FD05-AE  constitute  a  field  duplicate 
pair.  Results  for  the  following  compounds  exceeded  the  50%  RPD 
quality  criteria  for  soils: 


naphthalene 

dibenzofuran 

acenaphthene 

fluorene 

anthracene 


butylbenzylphthalate 
benzo (a) pyrene 
benzo (k) fluoranthene 
indeno ( 1 , 2 , 3 , cd ) pyrene 
benzo ( a ) anthracene 


Results  for  naphthalene  and  dibenzofuran  were  not  qualified  as  both 
reported  concentrations  are  less  than  the  CRQL.  Positive  results 
in  these  two  samples  reported  for  the  remaining  compounds  are 
qualified  as  estimated,  "J" .  The  detection  limits  for 
butylbenzylphthalate  and  indeno (1,2, 3  cd) pyrene  are  qualified  as 
estimated,  "UJ". 


Positive  results  for  naphthalene,  2-methylnaphthalene,  dibenzofuran 
and  phenanthrene  are  qualified  as  estimated,  "J",  as  they  are  below 
the  CRQL. 


NUS  CORPORATION 


No  semivolatile  TICs  were  detected  in  blanks  analyzed  with  this 
sample  set. 

Pestieide/PCB  Fraction 

The  DBC  surrogate  Percent  Recovery  (%R)  was  below  the  20  -  150% 
advisory  limits  for  sample  01-SS01-ACNT.  No  qualifications  were 
made  as  this  occurrence  is  felt  to  be  sample  specific  and  also 
because  this  sample  was  used  for  matrix  spike/matrix  spike 
duplicate  analyses  which  also  yielded  low  surrogate  recoveries. 

MS  recoveries  for  gamma-BHC  and  4 ,4' -DDT  and  MS/MSD  recoveries  for 
endrin  were  below  the  +  25%  quality  limit.  01-SS01-ACNT  sample 
results  for  endrin  are  qualified  as  estimated  "UJ" . 

Positive  results  for  4, 4' -DDE,  4,4' -DDD  and  4, 4' -DDT  are  qualified 
as  estimated,  "J" ,  as  they  are  below  the  CRQL. 
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INTERNAL  CORRESPONDENCE 


C-49-4-0-111 


TO: 

FROM: 


LINDA  STEAKLEY 


DEB  8CHEIB 


DATE:  APRIL  18,  1990 

C0PIE8:  FILE 


8UBJECT:  INORGANIC  DATA  VALIDATION  - 

METALS  AND  PETROLEUM  HYDROCARBONS 
ELLINGTON  AIR  FORCE  BA8E 
CA8E  NO.  EAFB1,  SDG  EAFB2 


SAMPLES : 


Soil 


01-SB05A-A 
01— SB05B-A 
01— FD02-A 
01— FB03-A  (HPLC) 
FB04-A  (MUNIC.) 
RB06-A 


02-SB13A-A 

02-SB13B-A 

02-SB13C-A 

02-SB14-A 

02-SB14B-A 

02-SB14C-A 


02-RB05-A 


NUS  Laboratories  analyzed  3  soil  samples  (including  one  pair  of 
field  duplicates)  and  3  associated  aqueous  quality  control  samples 
for  Target  Analyte  List  (TAL)  metals  and  Petroleum  Hydrocarbons. 
Seven  additional  samples  were  analyzed  for  Petroleum  Hydrocarbons 
only.  Data  from  these  samples  were  analyzed  and  evaluated  under 
the  following  HAZWRAP  Level  C  QA/QC  criteria: 


-  Holding  times 

*  -  Initial  and  continuing  calibration 

*  -  Laboratory  and  field  blank  analyses 

-  Laboratory  Control  Sample  analyses 

-  Interference  Check  Sample  analyses 

-  Serial  dilutions 

*  -  Matrix  and  analytical  spike  results 

-  Laboratory  and  field  duplicates 

-  Detection  limits 


*  Indicates  that  quality  control  criteria  were  not  met  for  this 
parameter. 


LINDA  8TEAKLEY 
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TAL  Metals 

The  0.1  Percent  Recovery  (%R)  for  the  continuing  calibration  of 
magnesium  was  far  below  the  +  10%  quality  control  limits.  Positive 
results  reported  for  magnesium  are  qualified  as  unreliable,  "R" . 

Following  are  maximum  concentrations  of  analytes  found  in 
laboratory  and  field  quality  control  blanks: 

analvte  maximum  concentration  (mg/kg) 


aluminum  14.2 

arsenic  0.23 

beryllium  2.6 

calcium  71.1 

lead  0.33 

selenium  2.2 

sodium  96.3 

zinc  4.3 


Positive  sample  results  less  than  five  times  the  highest  blank 
concentration  are  qualified  "U",  as  undetected. 

The  136  %R  for  zinc  in  the  ICP  CRDL  Standard  analysis  exceeded  the 
±  20%  advised  limit.  No  qualifications  were  made  as  all  results 
for  this  analyte  have  been  previously  qualified  "U"  due  to  blank 
contamination . 


The  43  %R  for  antimony  was  below  the  ±  25%  quality  limit  for  matrix 
spike  analyses.  Detection  limits  for  antimony  are  qualified  as 
estimated,  "UJ" . 


Petroleum  Hydrocarbons 


Petroleum  hydrocarbons  were  detected  in  two  samples,  however,  23 
mg/kg  was  detected  in  the  associated  rinsate  blank.  The  petroleum 
hydrocarbon  result  for  sample  02-SB13B-A  is  qualified  "U" , 
undetected.  The  result  for  sample  02-SB13A-A  is  not  qualified  as 
it  is  above  the  115  mg/kg  action-level  based  on  blank 
contamination . 
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Sil«  Nam«:  -£7 /trtf/tnrr  £xs<?  ( SP6f/)f£2J  S0|L  SAMPLES 


DATA  SUMMARY  FORM: 


ilMUS 

J  CORPORATION 


INTERNAL  CORRESPONDENCE 


C-49-0-3- 


TO: 

FROM: 


LINDA  8TEAKLEY 


D.  A. 


SCHEIB 


DATE:  APRIL  18,  1990 

CC:  FILE 


SUBJECT:  INORGANIC  DATA  VALIDATION  -  PETROLEUM  HYDROCARBONS 

ELLINGTON  AIR  FORCE  BASE 
CASE  NO.  EAFB1,  SDG  EAFB1 

SAMPLES : 


WATER 

01-SB01A-A 
01-SB01B-A 
01-SB02A-A 
01— SB03A-A 
01— SB03B-A 
01-SB04A— A 


01-SB04B-A 

01-SB11A-A 

01-SB11B-A 

02-SB11C-A 

02-FD01-A 

02-SB12A-A 


02-SB12B-A 

02-SB12C-A 

01-FB01-A 

01-FB02-A 

01-RB01-A 

01-RB03-A 


NUS  Laboratories  analyzed  16  water  samples  (including  one  pair  of 
field  duplicates)  and  two  associated  aqueous  quality  control 
samples  for  Petroleum  Hydrocarbons.  Data  from  these  samples  were 
evaluated  under  HAZWRAP  Level  C  QA/QC  criteria. 

Petroleum  Hydrocarbons 

All  analyses  met  quality  control  criteria.  No  petroleum 
hydrocarbons  were  detected. 


DAS:  PHCEAFB1 


DATA  SUMMARY 


TABLE  A 


f  ;  btfa/w?  wry  totYA  ns/sfivui.- 

Ts^htit  At  &•&  SeA*L-  ZiAt-fiid.  Ly  SLA 
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INTERNAL  CORRESPONDENCE 


IMUS 

CORPORATION 


C-49-0-3-138 


TO:  LINDA  STEAKLEY  DATE:  MARCH  26,  1990 

FROM:  THOMAS  JACKMAN  CC:  AMY  HUBBARD 


SUBJECT:  INORGANIC  DATA  VALIDATION-METALS 

ELLINGTON  AIR  FORCE  BASE 
CASE  NO.  EAFB1 
SPG  NO.  EAFB1 _ _ 


SAMPLE  NOS. 

SOIL 


-  01— SB04A— A 
01-SB04B— A 
01-SB01A-A 
01-8B01B-A 


01-SB03A-A 

01-SB03B-A 

01-SB02-A 


BLANKS  -  01-RB01-A 
01-RB03-A 


01-FB01-A 
01— FB02-A 


NUS  Laboratories  analyzed  7  soil  samples  plus  2  rinsate  blanks  and 
2  field  blanks  from  Ellington  Air  Force  Base  for  TAL  Metals,  pH  and 
Percent  Moisture  under  the  following  HAZWRAP  Level  c  QA/QC 
criteria: 


-  Holding  Times 

-  Interference  Check  Samples 

o  -  Matrix  and  Analytical  Spike  Results 
o  -  Laboratory  and  Fieldd  Blank  Analyses 

-  Initial  and  Continuing  Calibration 

-  Laboratory  and  Field  Duplicates 

-  Laboratory  Check  Samples 

-  Serial  Dilutions 

-  Detection  Limits 

o  Indicates  that  quality  control  criteria  were  not  met  for  this 
parameter. 

TAL  METALS 
fiianKs 

Aluminum,  calcium,  iron,  magnesium,  sodium,  lead,  zinc  and  chromium 
were  found  in  laboratory,  rinsate  and  field  blanks.  Positive 
results  less  than  5  times  the  highest  blank  concentrations  are 
qualified  as  "IT” ,  undetected. 

Matrix  gpiKes 

Matrix  spike  recoveries  for  antimony  were  below  the  75%  quality 
control  limit.  Therefore,  positive  results  are  qualified  "J" , 
biased  low,  and  detection  limits  are  qualified  "UJ" ,  biased  low. 


C-49— 0-3-138 
Linda  Steakley 
Page  2 


TABLE  1 

SUMMARY  OF  QUALIFIERS  AFTER  DATA  VALIDATION 
ELLINGTON  AIR  FORCE  BASE,  CASE  EAFB1 ,  SDG  EAFB1 


Analvte 

Soil  SamDle  No.  Positive 

Undetected 

Bias 

Comment 

Antimony 

01-SB01B-A, 

01-SB02 -A 

UJ 

Low 

1 

Calcium 

01-SB04A-A, 
01-SB03B-A , 

01-SB04B-A 

01-SB02-A 

U 

High 

2 

Chromium 

01-SB04A-A , 
01-SB01B-A, 
01-SB03B-A, 

01-SB04B-A 

01-SB03A-A 

01-SB02-A 

u 

High 

2 

01-SB01A-A 

J 

High 

1 

Magnesium 

01-SB02-A 

u 

High 

1 

Sodium 

ALL 

u 

High 

2 

Zinc 

01-SB04B-A, 

01-SB03B-A, 

01-SB01B-A 

01-SB02-A 

u 

High 

2 

01-SB04A-A, 

01-SB03A-A 

01-SB01A-A 

J 

4 

1.  Low  matrix  spike  recovery. 

2.  Laboratory,  rinsate  and/or  field  blank 

3.  Relative  percent  difference  (RPDs)  for 

contamination . 
laboratory  duplicates 

exceeded  the  35%  quality  control  limit  for  soils. 

4.  Absolute  difference  for  laboratory  duplicate  exceeds  2  times 


the  CRDL  quality  control  limit  for  soils. 


DATA  SUMMARY 


TABLE  A 


CROL  ■  Contract  Required  Detection  Limit  ‘Action  Laval  Exists  SEE  NARRATIVE  FOR  COOE  DEFINITIONS 
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INTERNAL  CORRESPONDENCE 


NUS 

CORPORATION 


TO:  LINDA  STEAKLEY 


C-4 9-0-3— 137 


FROM:  THOMAS  JACKMAN  DATE:  MARCH  2  6 ,  1990 

CC:  AMY  HUBBARD 

SUBJECT:  INORGANIC  DATA  VALIDATION-METALS 

ELLINGTON  AIR  FORCE  BASE 
CASE  NO.  EAFB1 

SPG  EAFB3 _ 


SAMPLE  NOS. 

SOIL  -  01-S801— AW  01-22 01-AE 

01-SS01-AC  01-FD05-AE 


NUS  Laboratories  analyzed  4  soil  samples  including  1  pair  of  field 
duplicates  from  Ellington  Air  Force  Base  for  TAL  Metals,  Petroleum 
Hydrocarbons,  pH  and  Percent  Moisture  under  the  following  HAZWRAP 
Level  C  QA/QC  criteria: 

-  Holding  Times 
Interference  Check  Samples 

o  -  Matrix  and  Analytical  Spike  Results 
o  -  Laboratory  and  Field  Blank  Analyses 

-  Initial  and  Continuing  Calibration 
o  -  Laboratory  and  Field  Duplicates 

-  Laboratory  Check  Samples 

-  Serial  Dilutions 
Detection  Limits 

o  Indicates  that  quality  control  criteria  were  not  met  for  this 
parameter . 

TAL  METALS 

Planks 

Antimony,  beryllium,  cadmium,  cobalt,  copper,  vanadium,  zinc,  and 
nickel  were  found  in  laboratory  blanks.  Positive  results  less  than 
5  times  the  highest  blank  concentrations  are  qualified  as  "U", 
undetected. 

Matrix  spike? 

Matrix  spike  recoveries  for  antimony  and  zinc  were  below  the  30% 
quality  control  limit.  Therefore,  positive  results  are  qualified 
"J”,  biased  low  and  detection  limits  are  qualified  "R",  unreliable. 

Matrix  spike  recoveries  for  manganese  and  copper  were  below  the  75% 
quality  control  limit.  Therefore,  positive  results  are  qualified 
"J",  biased  low. 


049-0-3-137 
Linda  Steakley 
Page  2 


Matrix  spike  recoveries  for  arsenic  exceeded  the  125%  quality 
control  limit.  Therefore,  positive  results  are  qualified  "  J" , 
biased  high. 

Laboratory  duplicates 

The  relative  percent  differences  (RPDs)  of  laboratory  duplicates 
for  aluminum,  barium  and  iron  exceeded  the  35%  quality  control 
limit  for  soil  samples.  Therefore,  positive  results  not  previously 
qualified  because  of  blank  contamination  are  qualified  "j" , 
estimated. 

Field  Duplicates 

The  RPDs  of  field  duplicates  for  arsenic  and  calcium  exceeded  the 
50%  quality  control  limit  for  soil  samples.  Therefore,  positive 
results  for  the  duplicate  pairs  are  qualified  " J” ,  estimated. 


C-49-0-3-137 
Linda  Steakley 
Page  3 

TABLE  1 

SUMMARY  OF  QUALIFIERS  AFTER  DATA  VALIDATION 
ELLINGTON  AIR  FORCE  BASE 
CASE  NO.  EAFB1,  SDG  EAFB3 


Analvte 

Soil  SamDle  No.  Positive 

Undetected 

Bias 

Comment 

Aluminum 

ALL 

J 

2 

(54.3) 

Antimony 

01-SS01-AC 

R 

Low  1 

(25.4) 

Arsenic 

ALL 

J 

5 

01-SS01-AC 

J 

High  3 

(125.1) 

01— SS01-AE, 01-FD05-AE 

T 

u 

4 

(182.1) 

Barium 

ALL 

J 

2 

(97.8) 

Beryllium 

ALL 

u 

High 

6 

Cadmium 

ALL 

u 

High 

6 

Calcium 

01-SS01-AE, 01-FD05-AE 

J 

4 

(169.2) 

Cobalt 

ALL 

u 

High 

6 

Copper 

ALL 

u 

High 

6 

01-SS01-AC 

J 

1 

(30.2) 

Iron 

01-SS01-AC 

J 

2 

(47.0) 

Manganese 

01-SS01-AC 

J 

Low  1 

(64.8) 

Nickel 

ALL 

u 

High 

6 

Vanadium 

ALL 

u 

High 

6 

Zinc 

01-SS01-AC 

J 

Low 

1  (6.7) 

01-SS01-AE, 01-FD05-AE 

u 

High 

6 

Comments : 

1.  Low  matrix  spike  recoveries. 

2.  RPDs  for  laboratory  duplicates  exceeded  35%  quality  control 
limit  for  soils. 

3.  High  matrix  spike  recoveries. 

4.  RPDs  for  field  duplicates  exceeded  the  50%  quality  control 
limit  for  soils. 

5.  Laboratory  blank  contamination. 

6.  Field  duplicate  pair  results  were  less  than  5  times  the  CRDL 
for  soils. 


DATA  SUMMARY 


TABLE  A 


Required  Datactlon  Umll  ‘Action  Laval  Ealsts  SEE  NARRATIVE  FOR  CODE  DEFINITIONS 


APPENDIX  F 

RISK  ASSESSMENT  DATA 


R-48-05-0-0 1 6H 


V, 


TOXICITY  PROFILES 


R-48-05-0-016H 


TOXICITY  PROFILES 


ACETONE  (Clement  Associates,  Inc.,  1985) 
Health  Effects 


Acetone  has  not  been  tested  in  a  carcinogenicity  bioassay  but  gave  negative  results 
in  skin  painting  tests  and  was  not  mutagenic  in  the  Ames  assay.  No  studies  on 
animals  for  teratogenicity  or  reproductive  toxicity  have  been  done,  but  acetone  was 
negative  in  a  chicken  egg  injection  study  for  teratogenicity. 

Acetone  is  generally  regarded  as  having  a  low  toxicity  and  therefore  has  not  been 
extensively  studied.  Prolonged  inhalation  of  high  concentrations  may  produce 
irritation  of  the  respiratory  tract,  coughing,  headache,  drowsiness,  incoordination, 
and  in  severe  cases,  coma. 

In  animal  studies,  rats  consuming  doses  of  18mg/kg/day  for  4  months  showed 
reduced  food  consumption  and  growth.  In  behavioral  studies,  rats  exposed  to 
14,200  mg/m3  acetone  for  4hours/day,  5  days/week  for  2  weeks  showed  modified 
avoidance  and  escape  behavior  after  one  exposure,  but  no  changes  after  subsequent 
exposures.  At  37,800  mg/m3,  altered  responses  were  noted  throughout  the  2-week 
exposure  period.  No  chronic  health  hazards  have  been  associated  with  exposure  to 
acetone. 

Toxicity  to  Wildlife  and  Domestic  Animals 

The  toxicity  of  acetone  to  aquatic  organisms  is  low.  The  LC50  value  for  sunfish  was 
reported  to  be  14.2  g/liter,  and  the  threshold  concentration  for  immobilization  of 
Daphma  maana  was  reported  to  be  over  9  g/liter. 

No  information  on  the  toxicity  of  acetone  to  terrestrial  wildlife  or  domestic  animals 
was  available. 


R-48-05-0-016H 


E-1 


ARSENIC  (Clement  Associates,  Inc.,  1985) 


Health  Effects 


Arsenic  has  been  implicated  in  the  production  of  skin  cancer  in  humans.  There  is  also 
extensive  evidence  that  inhalation  of  arsenic  compounds  causes  lung  cancer  in 
workers.  Arsenic  compounds  cause  chromosome  damage  in  animals,  and  humans 
exposed  to  arsenic  compounds  have  been  reported  to  have  an  elevated  incidence  of 
chromosome  aberrations.  Arsenic  compounds  have  been  reported  to  be 
teratogenic,  fetotoxic,  and  embryotoxic  in  several  animal  species,  and  an  increased 
incidence  of  multiple  malformations  among  children  born  to  women  occupationally 
exposed  to  arsenic  has  been  reported.  Arsenic  compounds  also  cause  noncancerous, 
possibly  precancerous,  skin  changes  in  exposed  individuals.  Several  cases  of 
progressive  polyneuropathy  involving  motor  and  sensory  nerves  and  particularly 
affecting  the  extremities  and  myelinated  long-axon  neurons  have  been  reported  in 
individuals  occupationally  exposed  to  inorganic  arsenic.  Polyneuropathies  have  also 
been  reported  after  the  ingestion  of  arsenic-contaminated  foods. 

Toxicity  to  Wildlife  and  Domestic  Animals 

Various  inorganic  forms  of  arsenic  appear  to  have  similar  levels  of  toxicity;  they  all 
seem  to  be  much  more  toxic  than  organic  forms.  Acute  toxicity  to  adult  freshwater 
animals  occurs  at  levels  of  arsenic  trioxide  as  low  as  812  pg/liter  and  at  levels  as  low 
as  40  ug/liter  in  early  life  stages  of  aquatic  organisms.  Acute  toxicity  to  saltwater  fish 
occurs  at  levels  around  15  mg/liter,  while  some  invertebrates  are  affected  at  much 
lower  levels  (508  ug/liter).  Arsenic  toxicity  does  not  appear  to  increase  greatly  with 
chronic  exposure,  and  it  does  not  seem  that  arsenic  is  bioconcentrated  to  a  great 
degree. 

Arsenic  poisoning  is  a  rare  but  not  uncommon  toxic  syndrome  among  domestic 
animals.  Arsenic  causes  hyperemia  and  edema  of  the  gastrointestinal  tract, 
hemorrhage  of  the  cardiac  serosal  surfaces  and  peritoneum,  and  pulmonary 
congestion  and  edema;  and  it  may  cause  liver  necrosis.  Arsenic  toxicity  to  terrestrial 
wildlife  was  not  reported  in  the  literature  reviewed. 


R-48-05-0-016H 


E-2 


BENZENE  (Clement  Associates,  Inc.,  1985) 


Health  Effects 


Benzene  is  a  recognized  human  carcinogen.  Several  epidemiological  studies 
provided  sufficient  evidence  of  a  causal  relationship  between  benzene  exposure  and 
leukemia  in  humans.  Benzene  is  a  known  inducer  of  aplastic  anemia  in  humans, 
with  a  latent  period  of  up  to  10  years.  It  produces  leukopenia  and 
thrombocytopenia,  which  may  progress  to  ancytopenia.  Similar  adverse  effects  on 
the  blood-cell-producing  system  occur  in  animals  exposed  to  benzene.  In  both 
humans  and  animals,  benzene  exposure  is  associated  with  chromosomal  damage, 
although  it  is  not  mutagenic  in  microorganisms.  Benzene  was  fetotoxic  and  caused 
embryo  lethality  in  experimental  animals. 

Exposure  to  very  high  concentrations  of  benzene  [about  20,000  ppm  (66,000  mg/m3) 
in  air]  can  be  fatal  within  minutes.  The  prominent  signs  are  central  nervous  system 
depression  and  convulsions,  with  death  usually  following  as  a  consequence  of 
cardiovascular  collapse.  Milder  exposure  can  produce  vertigo,  drowsiness, 
headache,  nausea,  and  eventually  unconsciousness  if  exposure  continues.  Deaths 
from  cardiac  sensitization  and  cardiac  arrhythmias  have  also  been  reported  after 
exposure  to  unknown  concentrations.  Although  most  benzene  hazards  are 
associated  with  inhalation  exposure,  dermal  absorption  of  liquid  benzene  may 
occur,  and  prolonged  or  repeated  skin  contact  may  produce  blistering,  erythema, 
and  a  dry,  scaly  dermatitis 

Toxicity  to  Wildlife  and  Domestic  Animals 

The  EC50  values  for  benzene  in  a  variety  of  invertebrate  and  vertebrate  freshwater 
aquatic  species  range  from  5,300  ug/liter  to  386,000  yg/liter.  However,  only  values 
for  the  rainbow  trout  (5,300  ug/liter)  were  obtained  from  a  flow-through  test  and 
were  based  on  measured  concentrations.  Results  based  on  unmeasured 
concentrations  in  static  tests  are  likely  to  underestimate  toxicity  for  relatively  volatile 
compounds  like  benzene.  A  chronic  test  with  Daphnia  maqna  was  incomplete,  with 
no  adverse  effects  observed  at  test  concentrations  as  high  as  98,000  ug/liter. 

For  saltwater  species,  acute  values  for  one  fish  and  five  invertebrate  species  range 
from  10,900  ug/liter  to  924,000  ug/liter.  Freshwater  and  saltwater  plant  species  that 


R-48-05-0-016H 


E-3 


have  been  studied  exhibit  toxic  effects  at  benzene  concentrations  ranging  from 
20,000  ug/literto  525,000  yg/liter. 

2-BUTANONE  (METHYL  ETHYL  KETONE  [MEK])  (Clement  Associates,  Inc.,  1985) 
Health  Effects 


MEK  has  not  been  adequately  tested  for  carcinogenicity  and  has  produced  only 
equivocal  evidence  of  mutagenicity  in  a  few  bacterial  assays.  MEK  has  been 
reported  to  cause  retarded  fetal  development  and  some  teratogenic  effects 
(acaudia,  imperforate  anus,  and  brachygnathia)  at  air  concentrations  of 
9,000  mg/m3.  MEK  is  of  relatively  low  toxicity  but  at  high  doses  it  affects  the  nervous 
system  and  causes  irritation  of  the  eyes,  nose,  and  skin.  The  oral  LD50  value  for  the 
rat  was  2,750  mg/kg. 

Although  MEK  is  not  strongly  neurotoxic  alone,  it  apparently  strongly  potentiates 
the  neurotoxicity  of  n-h  _jxane,  and  n-hexanone  (methyl  n-isobutyl  ketone). 

Toxicity  to  Wildlife  and  Domestic  Animals 

Only  limited  information  was  available  on  the  toxicity  of  MEK  to  wildlife.  IC50 
concentrations  for  two  freshwater  fishes  were  around  5,600  ug/liter.  MEK  was  toxic 
to  brine  shrimp  at  LC50  le-  els  of  1,950  mg/liter. 

No  information  on  the  toxicity  of  MEK  to  terrestrial  wildlife  or  domestic  animals  was 
available. 

BUTYLBENZYLPHTHALATE  (BBP)  (USEPA,  September  1, 1989) 

Health  Effects 


Butylbenzylphthalate  (BBP)  is  reported  to  cause  reductions  in  body  weight  and 
increases  in  liver  weight  in  rats  fed  1,000  to  1,400  mg/kg/day.  Significant  reductions 
in  bone  marrow  cell  count  were  also  observed  in  rats  fed  1,400  mg/kg/day.  BBP  is  a 
Class  C  carcinogen,  based  on  increases  in  mononuclear  cell  leukemia  in  female  rats, 
however  the  response  in  male  rats  was  inconclusive  and  there  was  no  such  response 
reported  in  mice. 
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Toxicity  to  Wildlife  and  Domestic  Animals 


No  information  on  the  toxicity  of  BBP  to  terrestrial  wildlife  or  domestic  animals  was 
available. 

CHLOROBENZENE  (Clement  Associates,  Inc.,  1985) 

Health  Effects 


A  study  of  the  carcinogenicity  of  chlorobenzene  was  recently  completed  by  the 
National  Toxicology  Program  and  preliminary  results  show  that  chlorobenzene 
caused  neoplastic  nodules  in  the  liver  of  male  rats  but  was  not  carcinogenic  in 
female  rats  or  in  mice. 

Occupational  studies  suggest  that  chronic  exposure  to  monochlorobenzene  vapor 
may  cause  blood  dyscrasia,  hyperlipidemia,  and  cardiac  dysfunction  in  humans.  Like 
many  organic  solvents,  monochlorobenzene  is  a  central  nervous  system  depressant 
in  overexposed  humans,  but  no  chronic  neurotoxic  effects  have  been  reported. 
Animals  exposed  to  chlorobenzene  have  exhibited  liver  and  kidney  damage  and 
atrophy  of  the  seminiferous  tubules  in  the  testes.  The  oral  LD50  value  for  rats  was 
2,910  mg/kg. 

Toxicity  to  Wildlife  and  Domestic  Animals 

Chlorobenzene  was  acutely  toxic  to  fish  at  levels  greater  than  25  mg/liter  and  to 
aquatic  invertebrates  at  levels  greater  than  10  mg/liter.  No  chronic  studies  on  the 
toxicity  of  chlorobenzene  to  aquatic  life  were  found  in  the  literature  reviewed. 
Monochlorobenzene  was  shown  to  have  a  bioaccumulation  factor  of  about  1,000  in 
freshwater  species.  No  studies  on  terrestrial  wildlife  or  domestic  animals  were 
reported  in  the  literature  reviewed. 
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4,4'-DDT  (Clement  Associates,  Inc,  ,1985) 


Health  Effects 


DDT,  DDE,  and  DDD  have  been  shown  to  be  carcinogenic  to  mice,  primarily  causing 
liver  tumors,  but  also  causing  lung  tumors  and  lymphomas.  DDT  does  not  appear  to 
be  mutagenic,  but  it  has  caused  chromosomal  damage.  There  is  no  evidence  that 
DDT  is  a  teratogen;  but  it  a  reproductive  toxin,  causing  reduced  fertility,  reduced 
growth  of  offspring,  and  fetal  mortality. 

Chronic  exposure  to  DDT  causes  a  number  of  adverse  effects,  especially  to  the  liver 
and  central  nervous  system  (CNS).  DDT  induces  various  microsomal  enzymes  and 
therefore  probably  affects  the  metabolism  of  steroid  hormones  and  exogenous 
chemicals.  Other  effects  on  the  liver  include  hypertrophy  of  the  parenchymal  cells 
and  increased  fat  deposition,  in  the  CNS,  exposure  to  DDT  causes  behavioral  effects 
such  as  decreased  aggression  and  decreased  conditional  reflexes.  Acute  exposure  to 
large  doses  or  chronic  exposure  to  lower  doses  causes  seizures.  The  oral  LD50  is 
between  1 1 3  and  450  mg/kg  for  the  rat  and  is  generally  higher  for  other  animals. 

DDT,  DDD,  and  DDE  are  bioconcentrated  and  stored  in  the  adipose  tissues  of  most 
animals. 

Toxicity  to  Wildlife  and  Domestic  Animals 

DDT  has  been  extensively  studied  in  freshwater  invertebrates  and  fishes  and  is  quite 
toxic  to  most  species.  The  range  of  toxicities  was  0.18  to  1,800  ug/liter  and  the 
freshwater  final  acute  value  for  DDT  and  its  isomers  was  determined  by  EPA  to  be 
1.1  ug/liter.  Saltwater  species  were  somewhat  more  sensitive  to  DDT;  the  saltwater 
final  acute  value  for  the  DDT  isomers  was  0.1 3  ug/liter.  Only  one  chronic  toxicity  test 
on  aquatic  species  was  reported.  This  test  indicated  that  the  acute-chronic  ratio  for 
DDT  might  be  high  (65  in  the  reported  study),  but  the  data  were  insufficient  to  allow 
calculation  of  a  final  acute-chronic  ratio.  DDT,  DDD,  and  DDE  are  bioconcentrated 
by  a  factor  of  103  to  105. 

DDT,  DDD,  DDE  and  the  other  persistent  organochlorine  pesticides  are  primarily 
responsible  for  the  great  decrease  in  the  reproductive  capabilities  and  consequently 
in  the  populations  of  fish-eating  birds,  such  as  the  bald  eagle,  brown  pelican,  and 


R-48-05-0-016H 


E-6 


V 


osprey.  DDT  has  also  been  shown  to  decrease  the  populations  of  numerous  other 
species  of  waterbirds,  raptors,  and  passerines  significantly. 

ETHYLBENZENE  (Clement  Associates,  Inc.,  1985) 

Health  Effects 


Ethylbenzene  has  been  selected  by  the  National  Toxicology  Program  to  be  tested  for 
possible  carcinogenicity,  although  negative  results  were  obtained  in  mutagenicity 
assays  in  Salmonella  typhimurium  and  Saccharomyces  cerevisiae.  There  is  recent 
animal  evidence  that  ethylbenzene  causes  adverse  reproductive  effects. 
Ethylbenzene  is  a  skin  irritant,  and  its  vapor  is  irritating  to  the  eyes  at  a 
concentration  of  200  ppm  (870  mg/m3)  and  above.  When  experimental  animals 
were  exposed  to  ethylbenzene  by  inhalation,  7hours/day  for  6  months,  adverse 
effects  were  produced  at  concentrations  of  600  ppm  (2,610  mg/m3)  and  above,  but 
not  at  400  ppm  (1,740  mg/rn3).  At  600  ppm,  rats  and  guinea  pigs  showed  slight 
changes  in  liver  weight,  and  monkeys  and  rabbits  experienced  histopathologic 
changes  in  the  testes.  Similar  effects  on  the  liver  and  kidney  were  observed  in  rats 
fed  ethylbenzene  at  4-8  and  680  mg/kg/day  for  6  months. 

Toxicity  to  Wildlife  and  Domestic  Animals 

Ethylbenzene  was  accurately  toxic  to  freshwater  species  at  levels  greater  than 
32  mg/liter.  No  chronic  toxicity  was  reported,  but  the  highest  test  dose  (440  ug/liter) 
was  only  one-hundredth  of  the  96-hour  LC50  for  the  particular  species  being  tested. 
No  studies  on  the  bioaccumulation  of  ethylbenzene  were  reported  in  the 
information  reviewed,  but  a  bioconcentration  factor  of  95  was  calculated  using  the 
log  octanol/water  partition  coefficient.  No  information  on  the  toxicity  of 
ethylbenzene  to  domestic  animals  and  terrestrial  wildlife  was  found  in  the  sources 
reviewed. 

LEAD  (Clement  Associates,  Inc.,  1985) 

Health  Effects 


There  is  evidence  that  several  lead  salts  are  carcinogenic  in  mice  or  rats,  causing 
tumors  of  the  kidneys  after  either  oral  or  parenteral  administration.  Data 
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concerning  the  carcinogenicity  of  lead  in  humans  are  inconclusive.  The  available 
data  are  not  sufficient  to  evaluate  the  carcinogenicity  of  organic  lead  compounds  or 
metallic  lead.  There  is  equivocal  evidence  that  exposure  to  lead  causes  genotoxicity 
in  humans  and  animals.  The  available  evidence  indicates  that  lead  presents  a  hazard 
to  reproduction  and  exerts  a  toxic  effect  on  conception,  pregnancy,  and  the  fetus  in 
humans  and  experimental  animals. 

Many  lead  compounds  are  sufficiently  soluble  in  body  fluids  to  be  toxic.  Exposure  of 
humans  or  experimental  animals  to  lead  can  result  in  toxic  effects  in  the  brain  and 
central  nervous  system,  the  peripheral  nervous  system,  the  kidneys,  and  the 
hematopoietic  system.  Chronic  exposure  to  inorganic  lead  by  ingestion  or  inhalation 
can  cause  lead  encephalopathy,  and  severe  cases  can  result  in  permanent  brain 
damage.  Lead  poisoning  may  cause  peripheral  neuropathy  in  adults  and  children, 
and  permanent  learning  disabilities  that  are  clinically  undetectable  in  children  may 
be  caused  by  exposure  to  relatively  low  levels.  Short-term  exposure  to  lead  can 
cause  reversible  kidney  damage,  but  prolonged  exposure  at  high  concentrations 
may  result  in  progressive  kidney  damage  and  possibly  kidney  failure.  Anemia,  due 
to  inhibition  of  hemoglobin  synthesis  and  a  reduction  in  the  life  span  of  circulating 
red  blood  cells,  is  an  early  manifestation  of  lead  poisoning.  Several  studies  with 
experimental  animals  suggest  that  lead  may  interfere  with  various  aspects  of  the 
immune  response. 

Toxicity  to  Wildlife  and  Domestic  Animals 

Freshwater  vertebrates  and  invertebrates  are  more  sensitive  to  lead  in  soft  water 
than  in  hard  water.  At  a  hardness  of  about  50  mg/liter  CaC03,  the  median  effect 
concentrations  for  nine  families  range  from  140  mg/liter  to  236,600  mg/liter. 
Chronic  values  for  Daphnia  maqna  and  the  rainbow  trout  are  12.26  and 
83.08  mg/liter,  respectively,  at  a  hardness  of  about  50  mg/liter.  Acute-chronic  ratios 
calculated  for  three  freshwater  species  ranged  from  18  to  62.  Bioconcentration 
factors,  ranging  from  42  for  young  brook  trout  to  1,700  for  a  snail,  were  reported. 
Freshwater  algae  show  an  inhibition  of  growth  at  concentrations  about  500  mg/liter. 

Acute  values  for  twelve  saltwater  species  range  from  476  mg/liter  for  the  common 
mussel  to  27,000  mg/liter  for  the  softshell  clam.  Chronic  exposure  to  lead  causes 
adverse  effects  in  mysid  shrimp  at  37  mg/liter,  but  not  at  17  mg/liter.  The  acute- 
chronic  ratio  for  this  species  is  118.  Reported  bioconcentration  factors  range  from 
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17.5  for  the  quahog  clam  to  2,570  for  the  blue  mussel.  Saltwater  algae  are  adversely 
affected  at  concentrations  as  low  as  1 5.8  mg/liter. 

Although  lead  is  known  to  occur  in  the  tissue  of  many  free-living  wild  animals, 
including  birds,  mammals,  fishes,  and  invertebrates,  reports  of  poisoning  usually 
involve  waterfowl.  There  is  evidence  that  lead,  at  concentrations  occasionally  found 
near  roadsides  and  smelters,  can  eliminate  or  reduce  populations  of  bacteria  and 
fungi  on  leaf  surfaces  and  in  soil.  Many  of  these  microorganisms  play  key  roles  in  the 
decomposer  food  chain. 

Cases  of  lead  poisoning  have  been  reported  for  a  variety  of  domestic  animals, 
including  cattle,  horses,  dogs,  and  cats.  Several  types  of  anthropogenic  sources  are 
cited  as  the  source  of  lead  in  these  reports.  Because  of  their  curiosity  and  their 
indiscriminate  eating  habits,  cattle  experience  the  greatest  incidence  of  lead  toxicity 
among  domestic  animals. 

MERCURY  (Clement  Associates,  Inc.,  1985) 

Health  Effects 


When  administered  by  intraperitoneal  injection,  metallic  mercury  produces 
implantation  site  sarcomas  in  rats.  No  other  studies  were  found  connecting  mercury 
exposure  with  carcinogenic  effects  in  animals  or  humans.  Several  mercury 
compounds  exhibit  a  variety  of  genotoxic  effects  in  eukaryotes.  In  general,  organic 
mercury  compounds  are  more  toxic  than  inorganic  compounds.  Although  brain 
damage  due  to  prenatal  exposure  to  methylmercury  has  occurred  in  human 
populations,  no  conclusive  evidence  is  available  to  suggest  that  mercury  causes 
anatomical  defects  in  humans.  Embryotoxicity  and  teratogenicity  of  methylmercury 
has  been  reported  for  a  variety  of  experimental  animals.  Mercuric  chloride  is 
reported  to  be  teratogenic  in  experimental  animals.  No  conclusive  results 
concerning  the  teratogenic  effects  of  mercury  vapor  are  available. 

In  humans,  alkyl  mercury  compounds  passthrough  the  blood  brain  barrier  and  the 
placenta  very  rapidly,  in  contrast  to  inorganic  mercury  compounds.  Major  target 
organs  are  the  central  and  peripheral  nervous  systems,  and  the  kidney. 
Methylmercury  is  particularly  hazardous  because  of  the  difficulty  of  eliminating  it 
from  the  body.  In  experimental  animals,  organic  mercury  compounds  can  produce 
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toxic  effects  in  the  gastrointestinal  tract,  pancreas,  liver,  heart,  and  gonads,  with 
involvement  of  the  endocrine,  immunocompetent,  and  central  nervous  systems. 

Elemental  mercury  is  not  highly  toxic  as  an  acute  poison.  However,  inhalation  of 
high  concentrations  of  mercury  vapor  can  cause  pneumonitis,  bronchitis,  chest  pains, 
dyspnea,  coughing,  stomatitis,  gingivitis,  salivation,  and  diarrhea.  Soluble  mercuric 
salts  are  highly  poisonous  on  ingestion,  with  oral  LD50  values  of  20  to  60  mg/kg 
reported.  Mercurous  compounds  are  less  toxic  when  administered  orally.  Acute 
exposure  to  mercury  compounds  at  high  concentrations  causes  a  variety  of 
gastrointentinal  symptoms  and  severe  anuria  with  uremia.  Signs  and  symptoms 
associated  with  chronic  exposure  involve  the  central  nervous  system  and  include 
behavioral  and  neurological  disturbances. 

Toxicity  to  Wildlife  and  Domestic  Animals 

The  toxicity  of  mercury  compounds  has  been  tested  in  a  wide  variety  of  aquatic 
organisms.  Although  methylmercury  appears  to  be  more  toxic  than  inorganic 
mercuric  salts,  few  acute  or  chronic  toxicity  tests  have  been  conducted  with  it. 
Among  freshwater  species,  the  96-hour  LC50  values  for  inorganic  mercuric  salts 
range  from  0.02  ug/liter  for  crayfish  to  2,000  ug/liter  for  caddisfly  larvae.  Acute 
values  for  methylmercuric  compounds  and  other  mercury  compounds  are  only 
available  for  fishes.  In  rainbow  trout,  methylmercuric  chloride  is  about  ten  times 
more  toxic  to  rainbow  trout  than  mercuric  chloride,  which  is  acutely  toxic  at  about 
300  wg/titer  at  10°C.  Methylmercury  is  the  most  chronically  toxic  of  the  tested 
compounds,  with  chronic  values  for  Daphma  maqna  and  brook  trout  of  1.00  and 
0.52  ug/liter.  respectively.  The  acute-chronic  ratio  for  Daphnia  maqna  is  3.2. 

Mean  acute  values  for  saltwater  species  range  from  3.5  to  1,680  ug/liter.  In  general, 
molluscs  and  crustaceans  are  more  sensitive  than  fish  to  the  acute  toxic  effects  of 
mercury.  A  life-cycle  experiment  with  the  mysid  shrimp  showed  that  inorganic 
mercury  at  a  concentration  of  1 .6  ug/liter  significantly  influences  time  of  appearance 
of  first  brood,  time  of  first  spawn,  and  productivity.  The  acute-chronic  ratio  for  the 
mysid  shrimp  is  2.9. 

Chronic  dietary  exposure  of  chickens  to  mercuric  chloride  at  growth  inhibitory  levels 
causes  immune  suppression,  with  a  differential  reduction  effect  on  specific 
immunoglobulins. 


M0 
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METHYLENE  CHLORIDE  (Clement  Associates,  Inc.,  1985) 


Health  Effects 


Methylene  chloride  is  currently  under  review  by  the  National  Toxicology  Program. 
Preliminary  results  indicate  that  it  produced  an  increased  incidence  of  lung  and  liver 
tumors  in  mice  and  mammary  tumors  in  females  and  male  rats.  In  a  chronic 
inhalation  study,  male  rats  exhibited  an  increased  incidence  of  sarcomas  in  the 
ventral  neck  region.  However,  the  authors  suggested  that  the  relevance  and 
toxicological  significance  of  this  finding  were  uncertain  in  light  of  available  toxicity 
data.  Methylene  chloride  is  reported  to  be  mutagenic  in  bacterial  test  systems.  It 
also  has  produced  positive  results  in  the  Fischer  rat  embryo  cell-transformation  tests. 
However,  it  has  been  suggested  that  the  observed  cell-transforming  capability  may 
have  been  due  to  impurities  in  the  test  material.  There  is  no  conclusive  evidence  that 
methylene  chloride  can  produce  teratogenic  effects. 

In  humans,  direct  contact  with  methylene  chloride  produces  eye,  respiratory 
passage,  and  skin  irritation.  Mild  poisonings  due  to  inhalation  exposure  produce 
somnolence,  lassitude,  numbness  and  tingling  of  the  limbs,  anorexia,  and 
lightheadedness,  followed  by  rapid  and  complete  recovery  More  severe  poisonings 
generally  involve  correspondingly  greater  disturbances  of  the  central  and  peripheral 
nervous  systems.  Methylene  chloride  also  has  acute  toxic  effects  on  the  heart, 
including  the  induction  of  arrhythmia.  Fatalities  reportedly  due  to  methylene 
chloride  exposure  have  been  attributed  to  cardiac  injury  and  heart  failure. 
Methylene  chloride  is  metabolized  to  carbon  monoxide  in  vivo,  and  levels  of 
carboxyhemoglobin  the  blood  are  elevated  after  acute  exposure.  In  experimental 
animals,  methylene  chloride  is  reported  to  cause  kidney  and  liver  damage, 
convulsions,  and  distal  paresis.  An  oral  ID50  value  of  2,136  mg/kg,  and  an  inhalation 
IC50  value  cf  88,000  mg/m3/30  minutes  are  reported  for  the  rat. 

Toxicity  to  Wildlife  and  Domestic  Animals 

Very  little  information  concerning  the  toxicity  of  methylene  chloride  to  domestic 
animals  and  wildlife  exists.  Acute  values  for  the  freshwater  species  Daphnia  magna, 
the  fathead  minnow,  and  the  bluegill  are  224,000,  193,000  and  224,000  ug/liter, 
respectively.  Acute  values  for  the  saltwater  species,  mysid  shrimp  and  sheepshead 
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minnow,  are  256,000  and  331,000  yg/liter,  respectively.  No  data  concerning  chronic 
toxicity  are  available.  The  96-hour  EC50  values  for  both  freshwater  and  saltwater 
algae  are  greater  than  the  highest  test  concentration,  662,000  ug/liter. 

NAPHTHALENE  (Clements  Associates,  Inc.,  1985) 

Health  Effects 


There  are  no  epidemiological  or  case  studies  available  suggesting  that  naphthalene 
is  carcinogenic  in  humans.  This  compound  is  not  generally  considered  to  be 
carcinogenic  in  experimental  animals.  However,  there  is  equivocal  evidence 
suggesting  weak  carcinogenic  activity  in  rats  after  subcutaneous  injection. 
Naphthalene  is  reported  to  produce  DNA  damage  in  mice  after  intraperitoneal 
injection.  Retarded  cranial  ossification  and  heart  development  are  reported  among 
offspring  of  nts  injected  intraperitoneally  with  naphthalene  on  days  1  to  15  of 
gestation. 

Little  information  concerning  acute  and  chronic  toxic  effects  is  available.  Inhalation 
exposure  to  naphthalene  may  cause  headache,  loss  of  appetite,  nausea,  and  kidney 
damage  in  humans  and  experimental  animals.  Acute  hemolytic  effects  are 
reportedly  caused  by  ingestion  or  inhalation  or  relatively  large  quantities  of 
naphthalene.  Optical  neuritis,  injuries  to  the  cornea,  and  opacities  of  the  lens  also 
may  result  after  inhalation  exposure  or  ingestion.  Naphthalene  is  a  mild  eye  irritant 
in  rabbits,  and  cataracts  can  be  induced  after  oral  administration.  Application  to  the 
skin  produces  erythema  and  slight  edema  in  rabbits.  Somnolence  and  changes  in 
motor  activity  are  observed  after  ingestion  of  naphthalene  by  rats  and  mice.  Oral 
LD50  values  of  1,250  mg/kg  and  580  mg/kg  are  reported  for  the  rat  and  the  mouse, 
respectively. 

Toxicity  to  Wildlife  and  Domestic  Animals 

The  median  effect  concentrations  for  freshwater  invertebrate  species  and  three  fish 
species  are  all  reported  to  be  greater  than  2,300  ug/liter.  Acute  values  reported  for 
saltwater  polychaete,  oyster,  and  shrimp  species  are  all  greater  than  2,350  ug/liter.  A 
chronic  value  of  620  ug/liter  and  an  acute-chronic  ratio  of  1 1  is  reported  for  the 
fathead  minnow,  a  freshwater  species.  No  chronic  values  are  available  for  saltwater 
species.  Freshwater  algae  appear  to  be  less  sensitive  to  the  effects  of  naphthalene 
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than  animal  species.  No  information  concerning  saltwater  plant  species  is  available. 
The  weighted  average  bioconcentration  factors  for  the  edible  portion  of  all 
freshwater  and  estuarine  aquatic  organisms  consumed  by  Americans  is  10.5. 

POLYNUCLEAR  AROMATIC  HYDROCARBONS  (PAHs)  (ATSDR,  October  1989) 

Health  Effects 


Much  of  the  epidemiological  work  done  on  PAHs  has  centered  on  persons  exposed 
to  coke  oven  emissions.  However,  no  studies  were  located  regarding  cancer  in 
humans  after  either  inhalational  or  oral  exposure  to  PAHs.  Reports  of  skin  tumors  in 
some  individuals  exposed  to  PAH  mixtures  lends  support  to  their  potential  for 
carcinogenicity  in  humans.  Animal  inhalation  studies  with  benzo(a)pyrene  have 
reported  respiratory  tract  tumors,  and  other  studies  have  demonstrated  the  ability 
of  several  PAHs  to  induce  skin  tumors.  Minor  hepatic  effects  have  been  observed  in 
animals  following  oral  exposure,  and  kidney  microsomal  carboxylesterase  activity 
was  moderately  induced  in  rats  at  doses  of  50  to  150  mg/kg  for  4  days.  The  major 
target  organs  in  animals  appears  to  be  the  hematopoietic  and  lymphoid  systems. 

Toxicity  to  Wildlife  and  Domestic  Animals 

No  information  on  the  toxicity  of  PAHs  to  terrestrial  wildlife  or  domestic  animals  was 
available. 

STYRENE  (EPA,  September  30, 1985) 

Health  Effects 


Most  long-term  bioassays  reported  excessive  mortality  in  test  animals  and  equivocal 
results  for  tumor  formation.  There  are  inadequate  data  to  indicate  that  styrene  is  a 
human  carcinogen  (Class  C);  however,  an  increased  incidence  of  lymphatic  and 
hematopoietic  tissue  tumors  have  been  observed.  The  acute  toxicity  of  styrene  is 
low;  an  acute  oral  LD50  of  5,000  mg/kg  was  reported  for  rats.  Styrene  was  found  to 
be  fatal  in  rats  at  doses  of  8,000  mg/kg.  At  levels  of  400  to  667  mg/kg/day, 
5  days/week  for  6  months,  decreased  growth  rates  and  increased  liver  and  kidney 
weights  were  observed. 
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Toxicity  to  Wildlife  and  Domestic  Animals 


Dogs  fed  400  to  600  mg/kg/day  for  560  days  showed  minimal  histopathologic  effects 
on  the  liver  and  hematologic  effects.  No  information  on  the  toxicity  of  styrene  to 
aquatic  life  or  to  wildlife  were  available. 

XYLENES  (Clement  Associates,  Inc.,  1985) 

Health  Effects 


The  National  Toxicology  Program  (NTP)  tested  xylene  for  carcinogenicity  by 
administering  it  orally  to  rats  and  mice.  Xylene  does  not  appear  to  be  carcinogenic 
in  rats.  Results  have  not  been  reported  for  mice.  Xylene  was  not  found  to  be 
mutagenic  or  teratogenic  in  a  battery  of  short-term  assays,  but  has  caused 
fetotoxicity  in  rats  and  mice.  Acute  exposure  to  rather  high  levels  of  xylene  affects 
the  central  nervous  system  and  irritates  the  mucous  membranes.  There  is  limited 
evidence  of  effects  on  other  organ  systems,  but  it  was  not  possible  to  attribute  these 
effects  solely  to  xylene  as  other  solvents  were  present.  The  oral  LD50  value  of  xylene 
in  rats  is  5,000  mg/kg. 

Toxicity  to  Wildlife  and  Domestic  Animals 

Xylene  adversely  affected  adult  trout  at  concentrations  as  low  as  3.6  mg/liter  in  a 
continuous  flow  system  and  trout  fry  avoided  xylene  at  concentrations  greater  than 
0.1  mg/liter.  The  LC50  value  in  adult  trout  was  determined  to  be  13.5  mg/liter.  LC50 
values  for  other  freshwater  fish  were  around  30  mg/liter  in  a  static  system,  which 
probably  underestimated  toxicity.  Only  a  few  studies  have  been  done  on  the  toxicity 
of  xylene  to  saltwater  species.  These  indicated  that  the  m-  and  o-xylene  isomers 
probably  have  similar  toxicities  and  are  probably  less  toxic  than  p-xylene,  and  that 
saltwater  species  are  generally  more  susceptible  than  freshwater  species  to  the 
detrimental  effects  of  xylene  (LC50  -  10  mg/liter  for  m-and  o-xylene  and  LC50  = 
2  mg/liter  for  p-xylene).  However,  it  should  be  stressed  that  these  generalizations 
are  based  on  limited  data. 

No  information  on  the  toxicity  of  xylenes  to  terrestrial  wildlife  and  domestic  animals 
was  available.  However,  because  of  the  low  acute  toxicity  of  xylenes  it  is  unlikely 
that  they  would  be  toxic  to  wild  of  domestic  birds  or  animals. 
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ZINC  (Clement  Associates,  Inc.,  1985) 


Health  Effects 


Testicular  tumors  have  been  produced  in  rats  and  chickens  when  zinc  salts  are 
injected  intratesticularly,  but  not  when  other  routes  of  administration  are  used.  Zinc 
may  be  indirectly  important  with  regard  to  cancer  since  its  presence  seems  to  be 
necessary  for  the  growth  of  tumors.  Laboratory  studies  suggest  that  although  zinc- 
deficient  animals  may  be  more  susceptible  to  chemical  induction  of  cancer,  tumor 
growth  is  slower  in  these  animals.  There  is  no  evidence  that  zinc  deficiency  has  any 
etiological  role  in  human  cancer.  There  are  no  data  available  to  suggest  that  zinc  is 
mutagenic  or  teratogenic  in  animals  or  humans. 

Zinc  is  an  essential  trace  element  that  is  involved  in  enzyme  functions,  protein 
synthesis,  and  carbohydrate  metabolism.  Ingestion  of  excessive  amounts  of  zinc  may 
cause  fever,  vomiting,  stomach  cramps,  and  diarrhea.  Fumes  of  freshly  formed  zinc 
oxide  can  penetrate  deep  into  the  alveoli  and  cause  metal  fume  fever.  Zinc  oxide 
dust  does  not  produce  this  disorder.  Contact  with  zinc  chloride  can  cause  skin  and 
eye  irritation.  Inhalation  of  mists  or  fumes  may  irritate  the  respiratory  and 
gastrointestinal  tracts.  Zinc  in  excess  of  0.25  percent  in  the  diet  of  rats  causes  growth 
retardation,  hypochromic  anemia,  and  defective  mineralization  of  bone.  No  zinc 
toxicity  is  observed  at  dietary  levels  below  0.2'  >ercent. 

Studies  with  animals  and  humans  indicate  that  metabolic  changes  may  occur  due  to 
the  interaction  of  zinc  and  other  metals  in  the  diet.  Exposure  to  cadmium  can  cause 
changes  in  the  distribution  of  zinc,  with  increases  in  the  liver  and  kidneys,  organs 
where  cadmium  also  accumulates.  Excessive  intake  of  zinc  may  cause  copper 
deficiencies  and  result  in  anemia.  Interaction  of  zinc  with  iron  or  lead  may  also  lead 
to  changes  that  are  not  produced  when  the  metals  are  ingested  individually. 

Toxicity  to  Wildlife  and  Domestic  Animals 

Zinc  produces  acute  toxicity  in  freshwater  organisms  over  a  range  of  concentrations 
from  90  to  58,100  ug/liter  and  appears  to  be  less  toxic  in  harder  water.  Acute  toxicity 
is  similar  for  freshwater  fish  and  invertebrates.  Chronic  toxicity  values  range  from 
47  to  852  ng/liter  and  appear  to  be  relatively  unaffected  by  hardness.  A  final  acute- 
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chronic  ratio  for  freshwater  species  of  3.0  has  been  reported.  Although  most 
freshwater  plants  appear  to  be  insensitive  to  zinc,  one  species,  the  alga  Selenastrum 
capricornutum,  exhibited  toxic  effects  at  concentrations  from  30  to  700  pg/liter. 
Reported  acute  toxicity  values  range  from  2,730  to  83,000  ug/liter  for  saltwater  fish 
and  from  166  to  55,000  ug/liter  for  invertebrate  saltwater  species.  Zinc  produces 
chronic  toxicity  in  the  mysid  shrimp  at  166  ug/liter.  The  final  acute-chronic  ratio  for 
saltwater  species  is  3.0.  Toxic  effects  are  observed  in  saltwater  plant  species  at  zinc 
concentrations  of  50  to  25,000  ug/liter.  Bioconcentration  factors  of  edible  portions 
of  aquatic  organisms  range  from  43  for  the  soft-shell  clam  to  1 6,700  for  the  oyster. 

Zinc  poisoning  has  occurred  in  cattle.  In  one  outbreak,  poisoning  was  caused  by 
food  accidentally  contaminated  with  zinc  at  a  concentration  of  20g/kg.  An 
estimated  intake  of  140  g  of  zinc  per  cow  per  day  for  about  2  days  was  reported.  The 
exposed  cows  exhibited  severe  enteritis,  and  some  died  or  had  to  be  slaughtered. 
Postmortem  findings  showed  severe  pulmonary  emphysema  with  changes  in  the 
myocardium,  kidneys,  and  liver.  Zinc  concentrations  in  the  liver  were  extremely 
high.  Based  on  relatively  limited  data,  some  researchers  have  speculated  that 
exposure  to  excessive  amounts  of  zinc  may  constitute  a  hazard  to  horses.  Laboratory 
studies  and  findings  in  foals  living  near  lead-zinc  smelters  suggest  that  excessive 
exposure  to  zinc  may  produce  bone  changes,  joint  afflictions,  and  lameness.  In  pigs 
given  dietary  zinc  at  concentrations  greater  than  1,000  mg/kg,  decreased  food 
intake  and  weight  gain  were  observed.  At  dietary  levels  greater  than  2,000  mg/kg, 
deaths  occurred  as  soon  as  2  weeks  after  exposure.  Severe  gastrointestinal  changes 
and  brain  damage,  both  of  which  were  accompanied  by  hemorrhages,  were 
observed,  as  well  as  changes  in  the  joints.  High  concentrations  of  zinc  were  found  in 
the  liver. 


R-48-05-0-016H 


E-16 


RISK  ASSESSMENT  CALCULATIONS 


GROUND-WATER  EXPOSURES 


POL  STORAGE  AREA 


NUS  CORPORA TION  AND  SUBSIDIARIES  STANDARD  CALCULATION  i 

-  -  _  _  SHEET  1 


CUENT: 

€lU*Ato\  AP& 

FILE  NO.: 

•5Cfl-*>/V\ 

BY: 

AtctT 

PAGE  |  OF  ( 

1  SUBJECT: 

1  l^stuV\  o’y  W&-1 ju 

CPH 

DATE: 

ShS-Ho 

To  £.$Hiyxo£jl_ 


(jZY&(UWmy\  ay/C C3  i/v\ 


ctwnic. 


wa :i*-r 


Assu/mjoTUYli  / 


A 

A 

A 


-70 


4 

3$T  lc«, 

'°  ^ 


aJjjJUc  u v^J~s  2-  L  / 

l-T" 

yrv^otl  I  -0  L/tfUuj 


Ck/CicL 


/ktlx/a^r  4^uc1mvv>  : 


“Db sl-  G  *-  1  £  x  ^  ;r £> 

6u->  v  cr  v 


r 

Amo  ia. 


C 


-  Cdvv+a^vw^AMT  ^i^riL£yy\TutJtX£T^  m-  Op£\vridtitxJ£is'(^/Atj  l  L.) 


i£-  :  t*\i^ohfY\  iraj^e,  (.  L /Amju^) 

e^poiarc  fre^vienoj  (Aw^/wr) 
^po^re  ^ctricTiCm  d^O 
tootUj  v\;eajkt-  d  \cua  ) 

L-T"^  U^ehmd  diy) 

"^(ob  '  fcYu/dtSicm  fjCctry 
G^cuuUbtum : 


T^r  xuykv\xo  i>v  <^r<rvv^<lu;aXLr-  a.t'  4  ^vueWToJVVi  of*  'I'hut^J L 


I)oSCo  (  0  ■  02.3>  / L ")  (_  2.  L  / doa>j  ^  G  1  ^  •=-  (t,Cl*-iO  ^"/aa  Jya-x\jua 

70  *9 


A<^£sce<*\fe *, 

'Cbb^--  /o.Plj,  I.r  L/a-g^Y ^ 

3^  Kjj 


‘T/Skfcio 


-fof  ca,ruV\&5U/r)S>,  'Hv-t  fl,bfc/e.  ^dcuX^m  wflwXd.  i \<JuuA<- 

Afaibr  o\  pOurN  or  J_. 

vlt/ 

NUSfMA  RCVISC 002*5  J 


NUS  CORPORATION  AND  SUBSIDIARIES 


STANDARD  CALCULA  TION 
_  SHEET 


CLIENT: 

eu 


SUBJECT: 


FILE  NO.: 

APS  3fel,A/\ 


ASH 


CHECKED  BY; 


PAGE  |  OF 


I  &Apo$u.re.i  iv  Daring  %c>^eary  | '(£-22-9°)  |  S'/zi'/lo 

Purpose  •.  TKfi  mod&J  w*tt  b*  -to  m tuU.*Mcrvi-$  -eupcujSEs 

frcxY\  VolfiLtSl-dS  cuvud  <k*vu  mo^ajK  id*  uk  ^roa/T\iiwaie/"  dxir.AA 
Sho»ue,riA^. 

K>glgi/a^\r  ; 

16*-  \£t  gPiLEP  fOs  *■  **e  Dtj/  &l  -  tip  C&*.  C^'t>tY)/&*  7 

&uu  alTk-  &T*  L  -J 


•~lwr£'.  S-  V<rU-Ku>  iTfyu^c  CkuwLaL$  OA^Ji^dUhcr\  raM-  (  ys^  /m 
/£-  i^J\iJ_aXto-rv-  rci>C.  /  L/rVvJnJ) 

&A)-  bodtj  v&ioAX~  (m^~) 

Ds  *  sUo  *)dr  ixxddJ'itfrN  ^m-or*/) 

-  fo-tvS-  Ajuli  jJ~uy\  im  Skower  f 
;  4x7  dv^eka/n^d  /cl-U  ^/vua\ 

£p  *  tj(.pofare  -fre^uzauj  (dsu^s'  ') 

ED  -  Cfc-po^re  MxxruAco  (.y) 

LT  =  U(£hnr\e.  (jr) 

TU  JoUo^j.a^  c^^uLxAinv?  ptrd.  aXso  MuimL'- 

S  --  cw  A  P^ 


-  -  > 

rwc<y\  y 


uiWr  a.  •.  CuocL-'  CiTftbLYvumA-v\X~ (Lmc^vCCDdx^y^  I&tvd^  d^uryi^y  (ju^Il .) 

h'fc.  1  S^\4W£7  jkovw  raJDt  L/ty*/*\') 

5\/  ■  v&cwt/  /cwn  aa  VtrCusrr^c.  (_/y\'1') 

C-uudl '  ^wo  C  *  *  ^  ~  b>  / (a  0  <i  )  J 

WK^*  :  Coo  ’  Gfft+&WAO/v\i  ^c^rUtT(3LhrY'  i/K  imCOa.  /L  ) 

-  oAj^x^IA  crtesdJUL  mass  Vd/ns^A  cotEHui^  (cm. /hr} 

\r^  -  <*v'«rp£th  dUop  'tXn'4  (  see)  * 

•»  ^r^*rt.r'  AropH (X  dAcuttUXL*'  (rv\.nC)* 


NU*  IJ&A  MVISCOOMS 


1-1 


NUS  CORPORA  TION  AND  SUBSIDIARIES 


STANDARD  CALCULA  TION 
SHEET 


CUENT 


Dtu'ifV)  Slower [^2^^ ^2?-^  1°*^ 

U>tif‘S  ClA/r^iJkX  £-S  3"  &  -l^rovv.  -fka^*  Uccourdh -fi rs 

(KMcuSto^o^  aSZe*-  \ 


APS 


FILE  NO.: 

3<o3M 


.-’W'TJ 

/Tfcrl 


CHECKED  BY: 


PAGE  2.  OF  4. 


DATE: 

*hshb 


?ac.  ~ 


/  j£_  v^l  tv  V 10 

<i  ny^  '  >■  '  »  C,^- 

Kl  (  T,  ?Vu  /Ti  -w,] 


10  ^Xfe 


5 LOOSf*-^ 


Lubjs <l  '.  Kl  "  (tY&SajU  wu^Vi  tifl/VU-K/''  Cot&rio&*X' 

Tj  -  CaJU  b<a-h</^  to  a-TEv.  TZ«ipe^aJ'V/\J2_  £  6  K- )  K  L 

Ts  =  Securer  \OuJtL\  TivryOQS’dJVlLf  €_  £  ®jc) 

"M,  *.  ioajCIv  vrsdOii'l-^  <U"  TJ  C  cp) 

;  ooCttA  Vi'ho^IK  aJT  !*j 

r  j_  R/r  7 
KL  -.  L  a  H  1^  J 

wK t,re;  f>ltw  rw4/a<d  Tu uv^j^\  CLv*^l^f') 

>  a.4Lq  p&A.v$  IWJ/H  VOi^oUS  Cv-t^fi g-lG fd~  (^err^/kr ) 

~\  ~  tLm-p^AA-Kc»'  £■  ^«y  wkXiJn  l-jcnfcjS  1&4J0  CiAfcStlsnJ"  Jo 

Lq  hPvyCt^  (°ic) 

Q~  ~  (dJUxJL  C^du>  (a&r.  ~  /v\~^  mo  I  ‘KJ 

H.  ^  H'eyvr^j  Iamj  uw*cXzsaX  (oXa^  -  <vS^  /rwo~P  ~) 

TK tL  CoHjDaJ  VoJiuJLa  &A&-  iMjzJ  CL/J-  tvipu^"  ptMiUvuLX^^l  • 


Irt.  ; 

T,  -=  ziVic  Oo*C) 

6t0i 

no  k* 

T>  ;  3i 5f  *  K  (  <k-c) 

Ps- 

flM/vs 

7w,-- 

i)t  = 

20  ivu/v\ 

-  O.GjIit, 

*<L-. 

AVJUA  1  (  '/». 

T’-*-  11VK. 

PH- 

tO  L/*vw* 

g_-  ^^TLU>'i'xCvVN-Av'S/^-|C 

$u-- 

<L  - 

12.  *w.^ 

1  »**\ 

,/  2o  wvs  .rnT  ot^AcJL  (?a.  co  i_ 
h-  y  *00 

k,%- 

2-SC.u 

^  _  3ooo cm  \  1?  UoaEiioia  i-^0 

O”  K«-  \J  |\A,uO 

NUdUAMCWfMOOUS 


NUS  CORPORATION  AND  SUBSIDIARIES 


STANDARD  CALCULATION 
_  SHEET 


CUENT: 


SUBJECT: 


FILE  NO.: 


b  l/okKlej  Diu.njj  SAowtritV)  JJ, 

flefcruua. ■  Foster'  a/vul  Ckrostewulu^  will- 


CHECKED  BY 


Souw^t-  (2aXajjLo&-CY\. 

>M^iUJU,c«-V\(X^y\  ]  CW\  XArtraAc  ttrvru^. pJj  cLo^j_ '. 

\&r  e^u^benz^r^  ”” 

M(?£ccu-Gm  £mu))  -  lOfi.Uo 

I-fCW/Wi  UlUJ  /XYlS'Wvvjt"  -  i£,U  Y  lO  ^  (iXVA  "«v\ 


PAGE  3  0F4 
DATE:  ~ 

r/tr/no 


^  *  20  avv 

*  iou.iU) 


[2.^1  C  m/Kr^y 


V 


3oooua  i  is 


t£T>  I! 
Wr  \i 


LOU-llo 


|7- VT  ,  3  1  cwv/h^  ^ 


f“_i_  (HU  7- 
L  H  *  K  J 

r  _i_  +  (s,aY..o-!vwK-rv.v>vu^-*i of 

L  12.81  Xr  (u.U  ^UD'^aJbnrv-rw^/fvve^  )^ll3'^'St  C-^) 

[  0-0  in  kVCm  +-  YvO'3,  kVcm  1 


K,  --  12.M  Ov-/k<- 


k,  fl^2ril'0-r 

L  L  T,  m,  J 


ll.»f  S2>  f  C^VjC)(o^Co  cjQ 
K<  L  O**  V-X  o  .W2cf) 


-ft.r 


>ctL'  C (Yv/Kr  'Z 


WU*  USA  MCVtSCOOUS 


NUS  CORPORA  T/ON  AND  SUBSIDIARIES  STANDARD  CALCULA  TION 


CUENT: 

^lUr^itoYN  APS 

FILE  NO.: 

BY: 

At?H 

PAGE  4.  OF  4 

1  SUBJECT 

^xposurej  to  VolfluKte-s  Duu.'^  SWefii^ 

CHECKED  BY/  » 

DATE: 

5'//i  /<?  0 

C-ujd  - 
Cuj  6-  ' 


Cioo  -  ^rou-rtiltuoJXt^ 
"  &  [>-<■<?  ( 


a  ( 


o  .M 


Umi&AjW <U\</v\  -  U  jjn^  /  L 

(  .U-3l  ('L\t.C)(\C'*tK!ct*)ie  \  1 

(_  i  iy> <v\  ")f  *^(ooo  s*.c/v>  <^)  '  J 

2. s'  ^/(_  «y 


s  '  C^d  - 


bose  -  *  iff-  _  rr>s<-<*f  *  <*p  (  ^  f  Os-p~))/fu.' 

feuJ  «■  iOu  L 


Cbst*-  V(^L 


(7«>lt5)^ 


^  £  I’T  rww)  +  ^g  (f"  y‘  ^Y|Q~  rvu^y  1  )(  2q <vl*v\'))  - 

%,  3  X.tO'SrV^v'* 


3X.lD  fvu/irv 


06ow)  t 


f  rYV*^VN ~ *  (  1$~aw^  -Z-Oi*w».^ 

%.\'t  10  *  ^  hAV>^  ' 


T)oSC *  (  S\0  l  x.10  *^*  ^  (.  1.  '-H®cl'T  ^  /itc^  — dtctj 

bo»>t-  ~[.lj  X\0*  ^  wuj  /y^ -<XtUj  y/ 


A  Kme^  vAJto^K^gd  d/V&TBUjd  tf-'t'Wu&l  ClaSC  f>r  0-  UJL^O0^Y\  A©uk(. 
be  bij  0*.  jauctor  oJ~  ^70^  t0V  !• 


NUS  1IM  SfVTSCO  02SS 


NUS  CORPORATION  AND  SUBSIDIARIES 


CUENT: 


I  SUBJECT; 


FILE  NO.: 


'  AgH 

CHECKEQUY; 


STANDARD  CALCULA  TION 
_  SHEET 


PAGE  |  OF  2- 


I  Ato^cY~pK<rr\  ff-zz-so J  (P)7r^oJ 

1  '  lo  diX  /YUd_  ££p<3  (Xr£J-  £Uta^  'AgWCA,/\^  I\oA±k*^ 

^m^ryptianfu  •  -iverc|cvu  b<di£j  j  dsmstrs  cLuuy 

ftCi'/ruti.  c^Uta-^Jh  cj,  waJGu''  lo  fv  ^ 

-fW  d0vi«l\rej 

&lf^OSd()  Slu-rs  WfzuX.  O/Ua.  -  \%AOO  c<y\*-  -  {701^'j 

lA^OO  CfrC s"  - 

TLSO  -  cAvLt(Lra-r\  ( \-  ti^\ 

J ' 

bi-  jiOSUAi.  "\ymX  -  ~  /  Luua  !  0  il'T  Wr  /cLajsi)> 

J  y  i 

tlel&rajrJ- 

frr  AtnLaA.Lv^o^<Avo)  fl/y\  LKVt,r«cu  MVTWUlJl 
u6  A  -  C  a  av  *  PC^rxt-f-  J 
i^LO  »  !o3  X  3(0'$" 

u;l^r.  •  C.-  /o^hxymxj^a^Jr  a-nuurXux^tw^  *v\  Anrvurvi/W'kr  Cm^, /l) 

iUJAxi  djo  i  £,  /$lCnr\  SUAfTLLX.  oajlo-  (imt) 

<AU 'VUJL  p^A^e^Jo'Xd^  covatw  ej,  cm/kr) 

£ 1  '  HpOiUM_  "terra  (o.l^_k^/cLuA 

^  (_  Kf  /cUuj) 

6(A)^  docL^  vtMAftr  Cixyj  J 

l^3r  6fi^\r6<'^urr\  fxx4x 

^  '  C0Yl\r€^tm  pL.dly'  (_^UuyJ  /cjb> 

f’"*'  CMuy\o^6r\i  }  a.  ixW  oxuna^.  oxvyvxpS  dw. 

D0/.  ■*■  Cx-AtVx.  pc  *  £T  gP  a 
R>ai  <-  up  *  to 3  x 

wKtr£'.  6b'  GtpcAuore  (^xUucUvifn 

bT-«  6^^ 


NUS  1 MA  ACV1SC  0  02M 


NUS  CORPORA  T/ON  AND  SUBSIDIARIES 


STANDARD  CALCULATION 
_  SHEET 


CLIENT: 


FILE  NO.: 


BY: 


AfcH 


PAGE 


SUBJECT: 

D&r/rut£.  AbicYptVh.  SmweykA^ 

CalvuioLKoYi^ ' 

{\lorvai^ux^oc^r\  CXwvjlulQ  clovt-' 

{, yv  tHLojlbtrtl&HJ-.  oJrtx.  canui^breLhvr\  *p  U>  ^  /<_ 

DC^-  /(cua  V  14*00  Cjyc^-V  V  kicT^6»wV  d-irtyr  \  /  T da^j  V — . 

t.  ^ _ A _ kW( _ oioxj  J  v _ 

VC>  %  p*  3  ~N^  3^,S~d.a>^ 


CHECKED  BY:  _  i 


DATE: 

su^ht 


im-- 


5",  i  ^  10  ^  rvu>i  /til  -^CLl*  */ 

J  J  J 


Ca. 


rtino^m  ^  Iruyu.  -  ML^as^-  ttnnuoSL  do(<L  \ 

-fcv  liMi2c&)iwtfw«LCf/ita-t"  ^  t<^c&i^b^dJ'urn  of-  2  .V*fO  ^  <n£  /l 

^S:  ^  1) : 


D5Y--  ^.4wO'4Mj^ 11,400  a»^j^M0'4C£v  yo.2^y^^J^70,lK- 

(10  k.j)£ 


O0)C-  L^XiO  ^  ivuj  /b£j— -c(u.cj  \A 


NUS  1 MA  RfVtSCO  02S8 


“)?'  »$5£55*nt  smmmi  ■  tmwis  mm»  mwmi >  vsf  or  mmmnr 

Slit  DAW :  EHINSIQH  Vf  fit  • 

UCAHOK:  tt0ti51D».  If  IAS 

OATf:  IVtV« 


•IMS? 


-!■>  A"S£SS«£nT  SP»-£^PS**EE t  E h*}*  0  \ "A  if  ' 

Ell  WWW*  St??? 

E»M)SU*f  ?f?WIO  Nll"PE»  :  "Ai!**"*  f-^Ct'NWE6 

CWC'»*1!  1HB1C1S; 


MSf  A»ES$"E*(  SPREflfiSHEEJ  HWSEKHfc  'JSC  Jf  «. 

Ctl  iMGfO*  «{■  -  SIU  : 

EXPOSURE  SCENARIO  NtHIMR  *  •»'.!  !*»'*•  WWWTtp  rr^EHU4 

CAlCUlAfE  DOSES: 


GROUND-WATER  EXPOSURES 
(LEACHING  SCENARIO) 

FORMER  BASE  LANDFILL 


|  NUS  CORPORA  T/ON  AND  SUBSIDIARIES 


CLIENT: , 

JQlm 

subject 


APB 


FILE  NO.: 


A€H 


STANDARD  CALCULA  TION 
_ SHEET 

PAGE  I  OF  I 


I  UoxWo*  0j^  fr*nSt>  J  \°S/%fto  | 

Par  posg  '  "To  4sjoJmj^l  &{feck  o ^  cmtiuMMYtfLted  soil  dr\ 
Ojrc^ixduooJttr 

A^awi)t-i(f>vs '  lrvj-1 I+rfluhn^  precCpi  hL-+um  l€axiui  ^W/axdii 

fr<Yin  ^  rcch.  propc-i  tMHuU  -h 

AfdV  S^acb'Ux^  &W  Mu-ir  Q/ncJLAJfraJluo 

r  O.LlV  O.T.-TI 

epAUtvy  '■  <-xC4Uviti  S.au.o  5  CWJ  S 

LokLre.  S  ^  S-Aubicbi  d pp 

CsoJ^1  =  c^ata/w.  £fY\uiA,tYaJ\<rr\  '^\ic'Ji[p^rr^) 


(,aSeP\  November  i3  HKk) 
“OrjCLwX  Uax^kick  M«4_j " 


)i€.  (klajoUUiiTtN 


-[dy  bt*\ic(cS)  m  Sc  if  ni  a_  cmcmfraiw  ej-  2.  nwj/k^  :  (^ikl) 

C  L^axIuJ^C.  "—  ^  /l  v/ 


NUt  IMA  AfVIMOOlM 


2.x/ 


NUS  CORPORA  TION  AND  SUBSIDIARIES 


STANDARD  CALCULATION 
SHEET 


CUENT: 

felUraW  AP& 

FILE  NO.: 

3b3/V\ 

BYteH 

PAGE  |  OF  2, 

SUBJECT:  1  -  .  . 

1  DIltuhM  ©f-  L £a.t4uJLt4_  w.  ddJMaMA  tMJL 

CHECKED  BY:  . 

^ti-rs-n-90) 

DATE:  . 

0 

to  wodMsdu.  effect*,  ao  leiuMAc 


AfOULYldOJOi^ 


Uaxki^k  u  (W^i03L<k  OjLtcrcU^  fa  Hke.  bfa&nic 
""  *  UdMuXtsL  WtfUi  [IN SCPA  Nw^mbe/’  i3/  w&t) 

Dt  Uxr\"(/A  occun,  ^  i ecLLyfactc  ixfinfaitLcl  zcr\£_ 


I  nib'  i  ttcl  h.tfr>  f  i JXc  ^  S’  iaycJujo  r  (  ^  i  l  ci "Vc* 

L^Uc-w.  G<owruLuj(jCTIC\  Vtbcctt^  *-o  2.”70^)  Om/^r 

TKl4  occurs  <jr£r -R*  entire 

S.rW  ^^vjcUojlI^  b>  ^cavjtuXwajtur  fto  -o 

J  iT&rr.) 

Mb-v^  21TAJL  W  £vvHr£  ^vUcx£ui  ^{uJcAflAa^  ^  ^ 

Pel&Ucu/\fr  9iikajjJ\ix\  ■ 

to--  ■  ^.  >L 

•-  rrv 


uotoue  :  CJj_eic(jviljt8_  -  ^c^h^cLhim  <^HUd£tA-  OUA 
4-  r<.(AflA^e  nctl.  £Cv?v/<y3 

£_=  iWjPh  o^.  S«f€  pexptxi&l  cmXclt  "fo  cjrcm^AiMaXc^ 

Xtow  cUcechi/rv  fmr>) 

V<4-  XttAUj  Accv/niiwaXc*'  \it\o(u&\  C^J^') 

N\=-  ^e.ca^£,  Oi^M-fe/  -H^clc^uoo  j^nr  wUJ,iA^  [m 


) 


NU*  1MAMCVtS€0  02B9 


NUS  CORPORA  TION  AND  SUBSIDIARIES 

C:UENJ:1  T~  I  FILE  NO  - 

SUBJECT:  '  - - — 

D*lu.Kt/YASj"  Ld«.tiuitx  l/y\  S<lXu/lfl^€rl  2ffY\4. 

Svrvujk  CaiculaJh^ 


Aen 

CHECKED  B 


STANDARD  CALCULA  TION 
- _ SHEET 

_ _ PAGE  2-OF  1_ 

1  f  v  DATE: 

■Qr-£2-to)  s-ixfa 


fa  bet7Zo(A.)pjre^u.  w  UcuhC Cc  a*  a. 

/i_  (srk.  l)  : 


C0  r  giJ 

( ftoOO  C£\  V  rtr^j 

'■'1^  ’ 


XIO  ^ 


*t$*  *s$css«tfr  swcaasmcu  ciposwcs  mow  msimp  use  w  wpmw 


29  Is:  318  Q-  1?  Annual  Infiltration  let  if) 

.1993  H!:  .op:  L:  !6i  Lenoth  of  th2  Hast*  Deorsit  Parallel  to  Groundwater  flow  (a) 

12  92:  .616  *:  A. 5  ThicknMS  of  *he  Saturated  lone  la) 

79  T:  29J  Vi  *  *391  Da'c*  Pronndwater  Velocity  «ta'vev» 

.999997  PP:  19 


EIPOSUflE  SCENARIO  NUHpfR  2  MlhUI  $nji  £l« i Pftf lOM^f 


HA/MI  IW1CES  MU  IRCHAEAW.  CANCER  RISrS  ARE  CAtCUlAlfO  Pr  OR  (H(  fOUC»!A6  5PP£P0S«££IS.  IHREE  £(P0SU*£  ROUIES  ARE  COMS1DEREO: 
INGESTION  8T  SMUMM1ER.  IRHW.MIW  OT  VOIAIRES  OURINS  SHONE  R 1 NG  £  BATH  I M6 .  and  OERHAl  CONIACI  WRE  SHOWERINS/8ATHIN6 

«sswrmMs  ah  ourinep  ieiw. 


SISI  SSSESSACItl  SPREADSMEt f  -  HOUSEHOLD  USE  Of  SfOUNPHSlES  f PAtE  HO 

ELLIMIM  HE I  SITE  1 

E1POSLAE  SCEMAIO  WAVES  3  MI1MM  SOIL  COAtSmfATlDNS  ICHUPi 
CAtCULAfE  SOSES: 


L 


GROUND-WATER  EXPOSURES 
(LEACHING  SCENARIO) 

POL  STORAGE  AREA 


V. 


L 


ii  -6i  :biht 

,  is;./*. l  » j 1 3Q lift  j4tt«puiio>9  njtg  :f,i  ii£  :|  |( 

l»l  9uo;  09((jr,((^  991  (0  ii»u(jini  i'i  :y  9|9‘  MU  Z1 

(•I  «0|j  (.(  |I||HI.|  (190090  9(SH  99)  |0  910991  |,l  ')  It l'  MU  (Ml' 

uOI|tJ,|l|U|  190998  :b  eii  (S|  IJ 


MSI  WStSSHM)  5PMMSHU1  l iPOSL’Bi 5  HOUStHOlC  list  Of  6POUHDWC. ' i ► 


?|  T 5 :  71B  0:  12  Annual  Infiltration  lc«/yr) 

,MB!  His  .90?  1:  151  length  of  the  Matte  Deoos 1 1  Parallel  to  Groundwater  Flow  III 

l?  M2:  .616  R:  3.5  Ituctness  of  the  Saturated  Jcne  III 

N/A  T;  2° 3  VI:  3611  Darcy  6roundwater  Velocity  (ci'»eaM 

#HW2  FR:  II 


#!5I  ASSESSKMI  MEMSHEEt  HOUSitOU  US!  Of  S»OUHC«alfR  ipaGE  KOI 

EUlIKfIM  «l  SITE  2 

cirasuM  ke«mio  mmtc*  ;  murur  son  iowehipmh'hs  iehiipi 
CHCBIME  HSES: 


FUGITIVE  DUST  EMISSIONS 


FORMER  BASE  LANDFILL 


A IUS  CORPORATION  AND  SUBSIDIARIES 


STANDARD  CALCULATION 
_  SHEET 


CUENT:  FILE  NO.: 

SUBJECt; 

Fwxj>h^  kmissitfAJ 


'Sm-wj 


PAGE  /  OF ^ 
DATE: 

S')  Ik  1 10 


Purpose,  ~  To  z+pau.re s  ^ioith.iu  {cam  f vuffWe  dc* f-  6nu*>urnS 

-frcjm  “Suxfcu.  / 

•^uwxfJhttYs :  $eccphrY->>  ej  cmcLm  art  i \ouJjlA  ~  boo  rw  frcrm 

2-  p  dLb  base  bc/wri ) . 

HfY'  J,  (X4^twv\c  r/i^bvvvu/m 

emcM/tYTLhi.'Wi  (  c*CoK  Lf  SA/Avptt-o)  <W.  4WuJm 
<7KT  oVxtUi.  e£uo4t^r^  j?<n  nc7\  c|  PixWXCtC  / 'ftlgCQrrS) 

HJf  $»k  2-  .Vl<t/^.(  rAa^rs  ^Y^hl/y^u/nfly^- 

£ctoU2M£fCLt\i/YVJ  un  0-2'  S xr^Lto  o.rc  ±J/vjd  au^ 
ltiMiT  &whr£  srH-  ^MJiK-tT«>ub  CUuj  Ccxmth)  (uieOOm*) 

M^uayvjl  6U^s/m0rv'i4\  ^  of  dfttlttba«u£ 

C*UujS  im’VA  wotad.  ftavcL  v\o  f^um) 


»U/WJL 


SO  ^ 


't^tx-hu 


\3l  deve/ 


i5e(Xptcr5  ^ore.  bv-pose^-  24- kr  /kUu*  S,  doW\ 

lAutdiL  6uaA  oxts»d.e  Kimu^-  ^ 

Sz-posu.rt.  iccoLis  b  cUu^>/  tAjic.  [bli 

Relevant  Eaouchims'  (  /"ouinloA  e.t"  aj  !oi&LU 

- - - — r - —  -  J  ' 

£l0  -  o^s_£  P(ixt)(i-v ) 

(8)" 

ujhtre  Bl0-  fiwuUu/n  raie  af  rapur*Jol*  puaHcmJjiMs  (f^/mMv) 
•f  -  fV^uOLrvcpj  of-  diSKu b^ncc  (~f*jrr\'rt\~ 1 ) 

Ur~  fateit  wuvk  spted  (,Tw/sec) 
fcl-k):  6^0$  i<m  pdCr^HaJ  (  j/rvif) 

^  '  ffaCh(AV  Of  AT63L  ONC(((k  by  V-eAgfethtfYN 
PET  ^  lWfA4lwJa2^'i  prtaj}  f  tiUi/n^^a^cofrn  mcU.)C 


NUS  IMA  WV1«OOJ85 


NUS  CORPORATION  AND  SUBSIDIARIES 


CLIENT: 

SUBJECT. 


FILE  NO.: 


3b  ^  IV\ 


fwaf liv'd  Dusf  tmiiiiuni 

UW/nMAtk.  0^aaKi/Y\i  • 

P(U.r)  -  U.l  ( 


CHECMQBY: 


STANDARD  CALCULATION 
_ SHEET 

PAGE  2.  OF  I# 

~  "  DATE: 

(ir-ZL-fo)  'sjl'&fao 


Uikt/e  Uli 


-  €rosiCY\  'ftu&ik.old  uui \A  Spe^cl  ki" 

oj.  1  m  Lmlvet) 


Ut  -  0*t 

Q<r  ^ 


Ul  * ,  - 


|y  rcKoV:  V  Uo  ut>j  L  M.  j  U- 1-  J 
^UtTJC  5  uLT  ^LCC  C^in) 
fCV&Wj^CJA  k^i^^c^rv) 


Dekr  ,vo/ojl  Gwussu/a  ’• 


ouKax-e  ^-\o  -  ^vvumiuyv  ^Ve  c ^  ^  P^io/a.i^c 

~  ,'AU//j  [r  AX-tYvY'  a^-  Ct^Al^vuVv^Ovvr  aa 
Pl*l0  £yyuAvuJYVO 
A  -  SUUA.U.  tyiOflJr  (.rtX2"') 

J^-4cr  mviu.  0  is  f>6r  s  urs  • 

^  9  j:  ft 

%  --  rzipYabl?  C(/h(£4\JYa.hirn  {/M*/r>\'1) 

Ql"  lUk'wA  ercsibn  SdAlu^c  -Ikcliy  (c. /sec) 

Qr--  ^  J 

f  (C 

jl:  -  WYV^ccUed  amxmtoctVA  |y-£vn  App.  ~b. 


mj%  1  t&A  ACVtSfO  02SS 


NUS  CORPORA T/ON  AND  SUBSIDIARIES  STANDARD  CALCULATION 


client 

felUvWnrA  AR& 

FILE  NO.: 

AA 

BY.  . 

Aen 

PAGE  3  OF 

I  SUBJECT:  * 

1  Ploy  twc  D u_^i~  bni\sufVU 

DATE:.  , 

±Jnfto 

Dow.s 


Vet-  C*  112.  v  cii  »  bP  x-E  ft  tf\A6 

6lO  x  uT  *  3CcC" 


ouhirc 


C~  66YUi^YaJ\m  (.%)  [f}n^/rr A) 

|£."  i^irVJlijLhm 

£P-  £ppo<>  u,rd  'hrru.  (kr  /4iMrfJ 

j^piAUY-d  /^/) 

an  at  d  ,^xu h.TVY'  (iy) 
r  oU*><,<x  Dt\cv\  ^faj^ht/rt 

-  O.izr  {W  ka.Lf~cUpi)it)i^ 

0.( ol'T  ^  ^wWUwrvlCjhhtfi'  WdR?kpu*fVh 
Sw  -  bo^Lci  vvet'fvA^-  (k^-) 

LT^-  JUictWra  lh(') 

~%)T  "  ^(TYwrevi  viTn  jaxtl >f  (_Amjuj%  }y<) 


StYvypk  fUdalghimo 


oU4u/m  i r\£)  5lz,e.  Oj~C  rr\rr\^ 

f-rffYA  Rcj  3-4  (  ('Wfc  -  4V4m/i£  c 


-  ^.^(o  »A.  /^L(_  ^ 

P  (.Ujr)  -  to.1  (  -  U.t) 

WvTahu  M-l  U*"  =■  25.1  <*/^c  jyr  fatbfriwrVl, 

P(u.f)  -  t»n  (2sn- 
P(u>)-  I0(c-1  C\  /rrx^x/ 

NVjS  16&A  *CV)9f003M  ^ 


NUS  CORPORA  TION  AND  SUBSIDIARIES 


STANDARD  CALCULATION 
_  SHEET 


CLIENT:  FILE  NO.: 

1 1  hr\  A P& _ 

SUBJECT:  J 

Dtur  bntYsium 


3 


PAGE 4  OF^ 


7^^  it.  ^ 

S3>,  from  ricj  4-7- 


el0--  o. •>?>((■)(  pko)(  i-v' 


(£)' 


-  0  /mwv^)  (  IQLf.I  ^  I  —  0 } 


|3 

b"o  J 


f?,o-  vw>j  y 

iVC^A  S\n  c'rv  ^  /  fy\  • 


32-0  fWH  V’  k  r  \/  ^ 
r*v  Ar  A  3<*00'>ec.J\  10  V 


|0~  b  ^/,yA  -SS<.  s/ 


A(e,°  A*  A  *  "'*■) 


(bV  A4Lfi?lr\kkjUXA£  xA  d<rn.(j£,v\tTtcrUTn  rv\S, /' ic*  (Af  kl 

•A  -/' 

*l0  •  V Y  ^  10^3  _  Vistoo rvAu  2<?3  N  io'~A  > 

V  k.<3  A  lO^kj  JL»o^  A  rK*-^e.cA  J  bt<- 


-C  -  |C,° 


75  is  a  o'1 

Oil  ^5  "*— 


l6  ^  fr  Qr 


•f/om  MA  4'"?  J  ? (i  x.  q.1%2. 

'l£c-  -  I.(p3  a  lO  ‘  ^  ca  /iLC\/ 


fra m  p.  D-2i,  (m**) 


mjs  1  HA  ftfVISC 0029ft 


oc  -  ^  2.-41  XlO'4’^*  /m3  / 


4  -  W 


/Vi/S  CORPORA  TION  AND  SUBSIDIARIES 


STANDARD  CALCULA  TION 
_  SHEET 


CLIENT:  FILE  NO.: 

£UtAMypr»  AP& _ 

SUBJECT:  ‘ 

HujftWi  Past"  tivu'Ssicns 


A-eH 


ush  XWfe**) 

fl-v  C}  r  L^  <^/s£C  .  'jCws  VK  7U^  /m3 


PAGE  5"  OF  ^ 
DATE: 


A+r>raJ-  doie  L^shm  £wX  uvvKj-uUAffv)  lj ou>k  ( $>■>  ^ ) 


ley.--  er  *■  ep 

'5iaj  «•  3u>^' 

iei~-  iZAt  *•  lU^uj  V_£ tta_\'c.4i  \/L±^\(^J^ 

A  'rp£  AiO  ^  1  ctA^  A  ^  ■ 


iex  —  b<oi  ^  ‘O  ^  /wxj  / ic^  v/ 


IfVVojSiV-  Afl/J  WXtWA-t-  -*uv  ^SoYpril/in  Xv  t'JjWij $  •  I  Zi  J  Am>(. 

(-*"£  Vcu/r-  (.O.io 


,irU.  - 


O  /  <•  I  0 


1  v  rvu^  r  O.ifi-S^  -M  STaiw  r,\tj/ 

K^-cUuj 


lo  caituJUjJl  UttZ/ud 


(_i  -  ^S£5 

KC^  '  &c\> 


r^O&C.  n\<^  "DoJt.  irX 

mb  tr\^  yef'P)  mL 


«q-- 


L>. oi  *  tO',Q 


Ht-i 9 


C.ioZS’ 

*4  >L  i  D  —  ^ 


_  9.4%M0"  S 


mj»  1  HA  flcvtsto  02M 


NUS  CORPORA  T/ON  AND  SUBSIDIARIES 


STANDARD  CALCULATION 
_  SHEET 


CLIENT:  FILE  NO.:  BY: 

|  _ 3(g>5/V\ _ A€T-{ _ page  {g of^ 

SUBJECT:  -N  .  r  CHECKEQrBY:  y  ,  DATE: 

VoUt  bvm^SuJVli  b'liV^o 

■frv  7t^UA^oyr\  (2ULc^ujUutL  L^^KrrvJc  du  VL  /riS  L- 

oi-  ^Yic^hrcthm  of-  L  l ^  (ilic  I) 

Ao'-f^V  3  V  h  \/l«kCOn^V  «  v7 

V  MjA>o^/i?5A  rw-Wl  J  ^c. 


3  ,”?>i  ■»-  >o  ^  i 


.S2  Y-  tC 


A.£o  v7 


O.lb  Z 


I: 


i  ex  - 


(.  M*7«0(  !.^2^io-r  j/stc)  ^  Z.b^s  x.  to~S  ^  y3  y 
fnr  CLctuAr  i 

Al'&xil)  ivui  \(  o.X'i  \/i-4  Iv*1  \ /3i2cUijv  X/TflVr 

v  i(  ^  A  v*Jl  T  , 


yoia^  j  [3(gT~Aav\  X  ^7  o 


lex  —  u-s’ikiq-^  ivuj/ic^-iUcvj  y 


Actcu/rvbAg  fmr  fljcrtwplwi  ib  Im/^s  (o.izr)  -^Gr  V«xb(0.(<>2S); 


&sk-  -  CSF  x.  eta 

|f^  x. 


CSPfAk  c<ta  ,xu 


A»^k-  -  (U-C^ -<(u^  \  /  (p.'i  '\I0iU>~1'Z'\t-  I  Ij*\  \lu-Mu  l*K)  ^iug\/fl, 

V  rv\Aj  y\  /  \  rw^  A  ^-eiiiyjA 


^n%-iO'8y 


NUS  IMA  revise 0  02SS 


'"/  -//5 


*!St  ASSESSUEHT  Sf«E»S5Hf£t  -  IMMUUIO*  Of  FU6I1IVE  DUSI  I PflSE  IHItfCI 
EILIMIM  Ilf  I  -  SITE  I 

EIPOSME  StESMlO  HUMES  1  -  MIIIMI  SUSfME  5011  COHCENIROnONS 
MCllMf  MIMS  IMICES  MS  CJMCEIt  RISIS: 


i  i  (7 


2.85Bf-l  2.7Mt-l  7. I87f 


*ISI  ASSE5SRC»T  SPRER05HEEI  -  IHMAIMIOK  OF  fWilllvl  OlKt  tFJSE  IHREEi 
EU1IK1M  AFI  -  SHE  1 

EIPOSWE  SCEHMIO  WRIER  1R  -  Ml  MUD  Strttf  ACE  SOIL  COHaulRMIOIIS  '<«:;!■ 
CAE  CUE  ATE  MEMO  IMICES  MO  CMCER  RISES: 


2.((2e«  2,'3?(  «  (,111c 


FUGITIVE  DUST  EMISSIONS 


POL  STORAGE  AREA 


it 

£ 


iT-? 


r 


i 

I 


i 


{ 


i 

i 

i 

i 

i 

i 

i 


in 


m  w  •  ir 


/-  o 


TOTAL  7.337^-9  7.?95e  9  7.Me-l2 


i 


ItlSI  NSSESSNCN!  SfKADSMttl  •  tNHAUUGN  Of  fU6l'Wi  Dost  |f«f[  IHHfl 
CUIWIM  Ilf  I  •  SITE  2 

IlfDSWC  SCENARIO  NtlMED  1«  NAIIWHI  SUDFACE  SOIL  COflCfNIBAIIONS  ii'HIIOi 
CAICUIAIE  mim  INDICES  MID  CAMEA  »IS»S: 


T0T»l  MSIf  ?  I.II.'H  1. Me-I 


DERMAL  CONTACT  WITH  SOIL 


FORMER  BASE  LANDFILL 


NUS  CORPORA  TION  AND  SUBSIDIARIES 


CLIENT: 


FILE  NO.: 


AgH 


SUBJECT:  L 

Per/vuii.  Cm tout  wM  So, | 


STANDARD  CALCULATION 
SHEET 


PAGE  {  OF  l 

Y~  T  \  DATE: 

(f'lZ  -*?£>)  Sit*  fro 


PourpoiC !  Id  £o<Uil at£,  ti-pc^uits  mcUhri^  from  casuaSl  u/t\imjJr  wJjfivSiu 

Afesuyyrajrums  ■  d>AA£_  jX^swt\4p  cmt  m  w>  c. c,nrzwyuA *JCLd 

ii,  -bioii\afl  /^/-  ;  Inr  4-0  i^r 

^loosed  sou.6ui  tisJUk.  -  lH4-g  cm'2- 

bc>i$  ^ilvv^rfcncc.  j*u>e  r  ~~  t- 4-^”  ^  /cytP~ 

Av^crpncn  ^  (Lo  ftsllovoi  •  ’./okuKl-ej  -- o.io 

l>6w\  i  ■/  ^cctjJLc?  0 . 0  !T~ 

P^KoCMd-  0.0 
Nut^cdo  -  D 

P?6dUj  \/\reXQ^<Jr  "-10  bej 
-  10  Ljr 

l2jil.  €^TtXyrJ~  ^XJUJUC^  ^YV> 

■  1  . .  11  1  1  V — 

An  A^rcna j?vc  a^YvruxjW-^  dow  y  f^y  l^^JYvc^ct^(>^r6rvi  • 

Dex--  C  *  ^  *  A£  A  a  6^  A  h- 

feiM  *  t  \0b 

C-  CoYvVarvwy\  «/vd~  d</Yl(^\jtAaX\<rn  m  So  LP  (  l^°y) 

M-  awruS’ftJr^.  sL4\  <xrea  ^  arvYtzu*-  (  t 
Ar  ~  «.cU\Jt/Ovc£_  fzLCtlV  /cm*'') 

AbtOfptV^  fcxhv'  [  pU,uVv»4  pctxH^^) 

£F  -  eifpoiLLrc  fce<yMesitM  (  /*jr) 

Sw--  b«Uj  w tX^fUr  C\ufi 
'-  6vm<t*iurrv  fxju^tr 
ID1,  Cx^we^iirn  fsjJ\yr  (wyl |<^) 


NUS  1S&ANCV1SCO  038ft 


A (US  CORPORA  TIONAND  SUBSIDIARIES 


AP& 


FILE  NO.: 


3<o3/v\ 


STANDARD  CALCULA  TION 
_ SHEET 

PAGE  Z  OF  2_ 


SUBJECT. 


UMKWI.  i 

QeYfwJL  G/yvtzid'  wTfK  So  a 


CHECKED  BY: 


KED  BY:  DATE: 

W[s-2i-?d)  sy/r/jo 


i^tcr/vu/iru.  a.  "tWru, -weicjltc^  AAreirai^.  JdijthmA-  dovyp,r  QuiLu\o‘yjf\S  : 

-  C  *  *  Af  *  ArfSs*.  £F  ngQ 

th^  f-  i_T  X  ^(e  S"  3C  10  t 

uoWa^e.  '■  Mure  alu/rai'ltfn 

lT  *■  t'  ^Jvrvu.  i  ^  r ) 


(SucuJj^h.ura '. 


nrY  i_  air  a_  conus^t-Surr*  cf,  1X0 //^  : 

OtX  -  [  0-  t^O  //^V2.ci4V  /cm^Y iZgi 

(70  lc^)^CerdJUj/^/>)  £  lO  u  M^/lccp 
l.VlVlO-^  /  k^-citL^,  \Z" 


(mauMoc\1/ WS  • 


jtr<  b^vze^X-  jJr  A.  CC^nc^r\AY“ck>urA  ^  lvo  i 

'DEX-  J  O.I%oiA^_^2‘m  C£A>  4r_t^yo.i0j^  11^^40^ 
(-70  |gA(  10 y) III* )/  to b _ 

^  ~*y 

DE)(-s  2.0fe  *i0  ^  ^ 


NUS  IMA  ACV1SCO  0285 


U>-?- 


DERMAL  CONTACT  WITH  SOIL 


POL  STORAGE  AREA 


I 

I 


1-3 


INCIDENTAL  INGESTION  OF  SOIL 
FORMER  BASE  LANDFILL 


NUS  CORPORATION  AND  SUBSIDIARIES 

STANDARD  CALCULA  TION 
SHEET 

CUENT: 

WIiaaVvxn  A^G> 

FILE  NO.. 

BY: 

AtH 

PAGE  /  OF  2^ 

subject. 

1  lacidl-CiA.hu.  lrUj4yho-r\  ©£•  ^>oit 

P*.rp cje  ■.  IB  <.va.UujLk  CWoiLLfCi  r^u. llih^ 

CHECKED  BY>  , 

\J2pfi(£-ZT--90) 
fnm  i7\  ode*\MU  uc^jh 

°#/?o 

^  °£-  >olQ 

Basc  p^scn/iel  ia  ccrdzuJ~~  a/IH*  conb^v^\cdcA.  S  oil 

i"2-  ftme  /<j/  j^v-  4o 


A  lAljC-StS  Soi|  •evgA.'h 

IDO  jo  c£-  ihcjtohsd.  i ^fTtwuvV^Aoi"  uj  ^cloWc.a tes- 

hmJc  fraxi-. 


iT  e  ie^ou^t  lUJLtvrru ', 


t«v  x-strai^t  A^AnocaJL  &S*£ ;  ftv  vupr\.uu'tir\ 


(0  IEA.  -_  C  «  t*-  «  A&S  *  £A 

6<u  *  ^s"  /  ic4. 


‘jJKe/e  .  C  -  Ccrat'zwvwY>cvAd'  io'vui^tvs^htra  uv^  s>ol£ 

li L  -  iA\i^oh(jy\  rajrt-  f  /  even*") 

A6S  "  flJo<,(K  ption  fxxcrc^  A 4£x-c^v\  <lX  frcu.t'ic'<\} 
££'  Upojcvr-e  frec^u^Acy  (  fywds/yr) 

&0'  bodjj  (  b|) 

-  (SAXhlA~<,  UF1~\  fiuMrr 


OeVtr^A.^  a_  4\fra-v^i^^d  A\rtv'aj^.  iTjchcw.  tW  (hr  &Lrcvn.(><^;  J 


(1)  it  A.--  O  i£- »  A4<,  *  e~P  y 

teWo-LT"  x'^cS’tcio'0 


cOKe-fc  ■ 


G.D  -  t^posu^^-  b^raAirrv  L^r^) 

cr  -- 

fcHcvu-  (^r) 


XUS  t  SSA  XCV1SCD  03SS 


8-1 


NUS  CORPORA  T/ON  AND  S UBS/ D/ ARIES 


STANDARD  CALCULATION 
_ SHEET 


C,4ENT:.  ,  -  FILE  NO.. 

(f:tUAfVbr\  Avis _ 1  3 (ejtv\ 

Subject’  '  - - 

Iac^>K(J>\  cr|,  Soil 

Squw yvk-  &UcuA&*\</vu  *. 

MmccuoJn  cx^rt '. 


AcH 


PAGE  2- OF  2. 
DATE:,  ' 

b  //r/^d 


^  <3_T  C4moWr--cK^  firf.  (S.‘k  i) '• 

1 1  K  **  ^  Aap(  10  ftAP)/?ve- A-  )  C  iicvent/^/  ) 

"7  o  l<u^  )  (_"i<o'b  ciojj  (lC>  rv^)  /fcj^) 


i.  HS’i  10  rv\^  j\ <U4  - 
^  J 


A_cu^ 


Cllcc  Jv\i 


h*  cUr  c^cfi^vWdLboYN  &f-  i80  It*  ($;k  z)  ; 

"  C0-!**  ^/t^y  tOrtyp|/evetv^y  tV  12.  t»4«drJdc\( ±n,ir 

(?°  ^)(  /^r)ClOu  A^Tk^X  ">°  fry 

’•£*-  4.c  ^iq-'0  A^-cUuj  v/ 


NUS  1S6A  ACV1SC0  0285 


r 

i 

I 


I 

I 


INCIDENTAL  INGESTION  OF  SOIL 
POL  STORAGE  AREA 


IISI  ISS£SS*E»I  SPIEIDSHEE!  -  HCICEN1II  1K6E5IIQK  Of  SOU  (PAGE  (W 

EUMGION  IT!  -  SUE  2 

EimwE  scimoio  hwiei  i  -  iwiiwit  «/ut  suppice  coucenipiuons 
CRCUIAIE  DOSES: 


i 

I 

i 


I 

j 


I 

I 


UP 


in  a 
fc9 


RETARDATION  FACTORS 


NUS  CORPORA  TION  AND  SUBSIDIAR/ES 


STANDARD  CALCULATION 
SHEET 


CUENT: 

giiuvfrfon 

SUBJECT: 


FILE  NO.: 


'3^3/n 


\wrek 


A€H 

CHECKED  BY:. 


PAGE  I  OF 3 


(T-H-qO)  I  S/il/fO 


'Purpose  :  jo  d£k*r'YU/v\x  Ci^^cLyaaJ^clm^  tvaz/fei  izw&a  cxlX. 

Y  e  (JLfikri  .\rtLL  ~  I  &CJU  dcW^  io^(k-t*T  of  c[&sijr 


77  D«ttY/>u^Cc  wk*$h  fr4J  ptrrL  ^CJlouX^  ef  c^i6iviuLujAj~is 

yj..  bX 

VA  *  A 

\JL  --  u\t-c^St>  KaJ  f>cY{  seloc<hj  Cj  a  ^n^iJuJa^Lcr-  /  fdr/dcuA ) 

K  -  /Xj  4  r  scuIa c  (f'.victacK  v^Try  [ft/dUuj.  ) 

J-  ^  AXj  (jL  Y  iiXA-iL-L  C  <%(cld‘CfP~  (ft/ ft) 

A  -  -£  ^jLg  l  Kv-€  p  c^o  i  >  +vj  £  ") 

2--  7)£  VC*  /vwvX  if-'Yi  ^CcflN'J 

K  -  Ir  ^  -foe  Ko  c, 

ixtdiUNVx  pxxh?v  7  tpuu^^) 

/°  -  3uf  IoujLIc  cU^vo.U]  /c^) 

i\  "  OtYOs.  hj 

joe  -  *  /rax  KttfUUU  <XJ£UKil  Out  ton  Omxsdr  /  *  srrycoA.htn/cjtof) 
»V  -  Se^/S^W^ot  non  Coef-lCi£*jf- 

f  pu-j  enjYcuvbon  / ern  z  HyO ) 

5.  Veky  amstul  c&yfca/rvvOnaMj;  \S&jou%Lj; 

Oc  -  tfjai  /ft  -  V;  /rt 

\j^  -  £ tf*d&/yvvCv\  '/CXo<xtjj  (T^f-  /  ciiLxj  ) 

4.  DekY  A\A/irOL  N"0L^  ^UYU  ■ 

^  ,  VVe 

-be  -  fcrtw^l 

)P  '  dwta/A  cjl  to  we£JL  (  faL^) 


NUS  fS&A  RfV1S€0  02S5 


u/rr  L  jji  --  /<*  { 

c 

>A  j  1 A  |  ftr  _  0,4^  f ^ /dsyvy 

',  dte'Z'dOuj  Z^^ctnl  12-  ,'r\  " 

A^su/nvi-  foe  "  C ,  0( 

,0  "2.7  ^/c.vi^ 

n  •> 


/  4  0*2}  Cu^vtx?^  /wP)  IL 


cujrf%r*jL 

^•-bu jtMvC-roe. 


ciomo0^y\?t^e. 

O0*7O(o)aavKv<  oJjUtJLr 

b#UO/<0  ptjf£/iru_ 

4^''bDr 

ktfn^o 


4.^ 

14* 

UT 

1100 

2A% 

in- 

<&£ 

70000 

•< 

tyooo 

ttGOO 

/ 

Sb'OoOO 

l.loV-lC* 

4f  0 
3.ixto^ 


NUS  166A  revised  oats 


10-0- 


NUS  CORPORA  T/ON  AND  SUBSID/AR/ES 


STANDARD  CALCULA  TION 
_ SHEET 


CLIENT: 

SUBJECT 

oceiwLt.: 


GA<A\AA^Cftj2 _ 

a^jtTTAX 

2-bwjhi'v\j©-i\e. 

/\jJx^SLO 

Wmvlmsl 

TVkJl 
uAjCl  >C 

C. .  m  4  r  /  x,  a 


FILE  NO.: 

*H>'3aa. 


2.7  4  /cr*  : 


b^vi  ^0(0.)  WJ2_ 

'tyr^ih)  |iU^<1^\TK&ona. 
bcw/w  3(W_)  ;5W< 

^VO&M)(|(7,3-  cd.)  (X^lcAjL 

4-^' -DDT 


1.4 

13)00 

iS4oo 

4-2^00 
42400 
1 23,ooc 
74 

3olyood 


or: 

A^H _ 

^WCr-u-so) 

Hjsl '_3_\  =  i-i  J 

/A^  /  OfY^  J 


v\&u4  VoJUcC 
6.1V 
0.2  | 

O.OV 
S.k*.|0‘3 
2.S  x.10'2" 

i.vtMO'1' 

l.*KiO'u 

o.IV 

3.^»o'5 

3.IM0'5" 
I  • »  XlCT* 

3A>  10*^ 
o.r*  >6"^ 

(.bMQ'k 


PAGE "3  OF  3 
DATE: 

'S’lZlfab 


*  0/Ahi^jvY\ay^:  Lt<^  ■-  ^A/d 

TKl  AAbswcc  fo  «_  TLCLfhrr  AfclL  to  ~  I  Avi  (<L 

7  /  0.2V  ft- 


nus  ism  wvtscoons 


10-3 


APPENDIX  G 

REGULATORY  AGENCY  CORRESPONDENCE 
REGARDING 
ELLINGTON  FIELD  (ANG) 

SITE  INVESTIGATION 


•  MINUTES  FOR  REGULATORY  REVIEW  MEETING 

•  NGB  REQUEST  FOR  COMMENTS 


MEETING  MINUTES 

DRAFT  SITE  INVESTIGATION  REPORT  REGULATORY  REVIEW  MEETING 
147TH  FIGHTER  INTERCEPTOR  GROUP 
TEXAS  AIR  NATIONAL  GUARD 
ELLINGTON  FIELD 
HOUSTON.  TEXAS 


DATE  OF  MEETING:  October  3.  1990 

PLACE  OF  MEETING:  Ellington  Field,  Houston,  Texas 


Persons  attending: 


Name 

Affiliation 

Telephone 

Bob  Allen 

Harris  County  Poll.  Cont. 

(713)  920-2S3 1 

Larrv  Basilio 

NUS  Corporation 

(713)  492- 1888  1 

Steve  Fleming 

HAZWRAP 

(615)  435-3254 

Shanon  Goldberg 

HAZWRAP 

(615)  435-3310 

Mai.  Sheila  F.  Hooten 

147  CES,  Ellington 

(713)  929-2781 

Amy  Hubbard 

NUS  Corporation 

(412)  788-1080 

Paul  R.  Nelson 

City  of  Houston  (Utilities! 

(713)  525-9855 

Col.  Tom  Shellshear 

147  FIG/DCS 

(713)  929-2403 

Linda  Steaklev 

NUS  Corporation 

(713)  492-1SS8  ! 

Don  Williams 

NGB /DEYR 

(301)  981-8159  ; 

---  1  ,  Si 

Morninu  .Meeting/Site  Tour 

On  Wednesday,  October  3,  1990,  a  meeting  was  held  among  ANG,  HAZWRAP,  NUS  and  regulatory  agency 
personnel.  Mr.  Williams,  of  the  NGB,  provided  a  brief  overview  of  the  purpose  of  the  meeting,  which  was  to 
review  comments  received  from  regulatory  agency  personnel  and  to  discuss  the  scope  of  work  for  determining 
the  extent  of  contamination  at  the  POL  site.  Ms.  L.  Steakley,  of  NUS  Corporation,  was  introduced.  Ms. 
Steaklev  summarized  the  results  and  recommendations  of  the  Site  Investigation  (SI)  and  reviewed  the  proposed 
Remedial  Investigation  (RI)  work  to  be  performed  at  the  POL  site.  A  discussion  ensued  concerning  the 
recommendation  to  prepare  a  Decision  Document  (DD)  proposing  no  further  action  at  the  landfill,  as  well  as 
proper  abandonment  of  existing  ground-water  monitor  wells.  The  fate  of  one  UST  remaining  at  the  landfill  was 
also  discussed. 
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An  RI  of  !he  POL  site  was  proposed  to  further  investigate  the  extent  of  contamination  discovered  during  the 
SI.  Items  outlined  were: 

•  The  schedule  for  remediation  activities 

•  The  criteria  under  which  the  site  would  be  remediated 

•  Community  Relations  Plan  (CRP) 

•  The  role  of  regulatory  agency  review  of  documents 

A  DD  will  be  written  for  the  Fuel  System  Repair  Shop  (FSRS)  and  the  Former  Base  Landfill  by  NUS. 

NUS’  management  of  disposal  of  containerized  materials  generated  during  the  SI  was  discussed. 

A  site  tour  of  the  POL  site  was  conducted  by  Major  S.  Hooten.  Major  Hooten  answered  questions  concerning 
the  historical  account  of  activities  at  the  site. 

Afternoon  Meeting 

In  the  afternoon  session,  representatives  of  ANG.  HAZWRAP.  and  NUS  met  to  discuss,  in  general  terms,  the 
^ope  of  work  necessary  to  define  the  extent  of  contamination  at  the  POL  site.  After  significant  open  discussion 
and  brainstorming  about  how  to  most  appropriately  define  the  extent  of  contamination  at  the  POL  site,  the  eight 
tasks  indicated  below  were  tentatively  agreed  upon.  These  tasks  were  developed  assuming  the  site  will  be 
remediated  in  accordance  with  the  UST  program  cleanup  guidelines  instead  of  the  CERCLA/IRP  criteria.  Refer 
to  Attachment  1.  POL  Site  Map.  for  the  general  location  of  proposed  wells  and  borings. 

1.  Place  two  monitor  wells  on  the  eastern  edge  of  the  POL  to  determine  if  offsite  migration  has 
occurred. 

2.  Two  soil  borings  will  be  placed  near  the  east  fuel  standpipes. 

3.  One  soil  boring  wiil  be  placed  in  the  center  of  the  former  cul-de-sac. 

4.  Five  soil  borings  will  be  placed  around  the  rail  track  to  determine  the  extent  ot  contamination  on 
the  north,  west,  and  south  boundaries,  which  occurred  during  tank  car  loading  and  unloading 
operations. 

5.  Up  to  three  soil  samples  will  be  collected  from  each  boring.  One  at  the  top  of  ground  water  and 
up  to  two  more,  based  on  field  evidence  of  contamination. 

0.  Soil  samples  wiil  be  analyzed  for  TPH.  If  concentrations  are  less  than  100  ppm,  BTEX  will  also  be 
run  on  that  sample. 

7.  Monitor  well  and  cast  fuel  stand  borings  sample  analysis  will  be  done  on  24-hour  or  48-hour 
turnaround,  if  possible. 

8.  If  perimeter  samples  (indicated  by  *  on  Attachment  1)  are  clean,  then  the  RI  will  continue  with 
interior  borings  to  define  extent  of  rail  track  contamination.  If  perimeter  samples  indicate 
contamination,  another  meeting  will  be  held  to  determine  further  action. 
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The  following  items  were  also  outlined: 

•  Deliverables  to  be  attached  to  the  final  SI  report 

•  Distribution  of  meeting  minutes 

•  Draft  RI  work  plan  schedule 

Submitted  by: 


Linda  G.  Steakley 
NUS  Corporation 
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POL  STORAGE  AREA 
ELLINGTON  FIELD  (ANG) 
HOUSTON.  TEXAS 


'*  »00‘ 


DEPARTMENTS  OF  THE  ARMY  AND  THE  AIR  FORCE 

NATIONAL  GUARD  IURIAU 
ANDREWS  AIR  FORCE  0ASE  DC  MU1-400C 


RECEIVED 


NOV  1  9  1990 


NUS  CORPORATION 
HOUSTON,  TEXAS 

Ms.  Susan  Bredehoeft  ^  SNOV  1990 

Texas  Water  Commission 

5144  East  Saa  Houston  Parkway  North 

Houston,  Texas  77015 


Dear  Ms.  Bredehoeft 


A.  regulatory  review  meeting  was  held  at  the  147th  Fighter  Interceptor 
Group,  Ellington  Field,  Houston  on  October  3,  1990  to  receive  comments  on  the 
Site  Investigation  Report  and  to  scope  additional  activities  necessary  for 
remedial  investigation  at  the  POL  storage  area.  Representatives  from  your 
office,  the  Texas  Air  Control  Board,  Texas  Department  of  Health,  and  the 
Harris  County  Pollution  Control  Department  were  invited  to  attend.  Minutes  of 
the  meeting  are  attached  for  your  use. 

The  purpose  of  this  letter  is  to  summarize  proposed  actions  for  the 
disposition  of  each  site  prior  to  finalizing  the  SI  report. 

Results  of  soil  and  groundwater  sampling  and  a  preliminary  risk 
assessment  at  the  Former  Base  Landfill  concluded  that  no  significant  risks  to 
human  health  exist  as  a  result  of  minor  contamination  at  this  site.  A  no 
further  action  Decision  Document  will  be  prepared  for  site  closure.  In 
addition,  the  monitoring  wells  will  be  abandoned  according  to  TWC  procedures 
and  a  deed  restriction  will  he  recorded.  Master  plan  documents  will  clearly 
Indicate  future  use  of  this  site  as  open  space. 

Results  of  soil  sampling  at  the  POL  Storage  Area  indicated  total 
petroleum  hydrocarbon  (TPH)  contamination  in  soils  of  concentrations  which 
exceed  TWC  clean  closure  criteria.  The  extent  of  coutaainatlon  is  not  known. 
No  contaminants  were  detected  in  groundwater  that  exceed  Maximum  Contaminant 
Levels  or  Drinking  Water  Health  Advisories.  A  preliminary  risk  assessment 
concluded  that  no  significant  risks  to  human  health  exist  at  this  site.  The 
NGB  will  continue  investigation  of  soils  and  remediate,  if  necessary, 
according  to  cleanup  criteria  stated  in  the  "Guidance  Manual  for  LPST  Cleanups 
in  Texas,  Texas  Water  Commission,  Petroleum  Storage  Tank  Division,  January 
1990".  Results  of  findings  from  additional  field  work  will  be  evaluated  to 
determine  whether  cleanup  will  be  required. 

The  Preliminary  Assessment  (Records  Search)  identified  a  third  site 
near  the  Fuel  System  Repair  Shop.  Additional  information  has  been  obtained 
regarding  the  spill  incident  to  provide  sufficient  rationale  to  close  out  the 
site  via  Decision  Document. 


During  Che  conduct  of  field  work,  several  drums  of  SI  derived  waste  were 
stored  pending  results  of  sample  analyses.  These  wastes  will  be  managed  in 
accordance  with  SI  report  Section  2.1.8. 


Please  coordinate  your  review  with  a  representative  from  the  Petroleum 
Storage  Tank  Division  and  provide  us  with  your  written  comments  as  soon  as 
possible  so  that  we  can  finalize  the  SI  report. 


If  you  have  any  questions,  please  call  Mr.  Don  Williams,  RGB  Project 
Manager,  at  (301)  981-8159. 


Sincerely 


RONALD  M.  WATSON,  Chief 
Environmental  Division 


cc:  Mr.  Steve  Fleming/HAZWRAP 

Ms.  Linda  Steakely/NUS  Houston 
Maj  Sheila  Hooten/147FIG/DE 
Mr.  Bob  Allen/Harris  County 


